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SOIL AND GROUND WATER INVESTIGATION 

FORMER COAL TAR DISTILLATION AND WOOD PRESERVING FACILITY 

ST. LOUIS PARK, MINNESOTA 

SUMMARY 

The purpose of the study summarized in this report is to assess the 

iwpacts of the fomer coal-tar distillation and wood preserving facility on 

the soil and ground water systems in the surrounding area. Specifically, 

the objectives of the study are to: 

a. measure the extent of coal-tar wastes in the soil, 

b. measur~ the effect of these wastes on surficial and bedrock 

ground ~ater quality, 
I 

c. define ,the interactions between the surficial ground water 

systems'. and the underlying bedrock aquifers • 

d. predict·future impacts of the waste deposits on ground water 

quality.and 

e. recommend corrective actions and further studies necessary 

to solv~ any identified problems. 
\ 
I 

The data collection activites for this study were divided into two 
I 

phases so the early data could be reviewed and the work plan adjusted as 

necessary to meet the above objectives. The data collected in the first 
I . 

phase of.the study were summarized and interpreted in a report to the Minnesota 

Pollution Control Agency titled "Phase I Report, Soil and Ground Water Inves:.. 

tigation, Coal-Tar Distillation and Wood Preserving Site, St. Louis Park, 

Minnesota", dated May 1976. · 

To meet the objectives, a number of data collection activities were 

carried out. 
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Seventeen soil borings were placed to collect soil samples for chemical 

analysis and to define the stratigraphy of the glacial soils in the study 

area. Borings were placed on the northern half of the site, in areas on the 

southern half of the site suspected of being saturated with coal-tar deriv­

atives during facility operation and in areas south of the site in drainage­

ways and waste catchment areas. Soil samples were collected at 5-foot inter­

vals and where coal-tar wastes were visible, samples were collected at 2-1/2 

foot intervals. 

Glacial soils in the area are complex and are characteriz.ed by 

fine sands to coarse gravels separated by glacial till strata ranging from 

fine silty sands to a sandy clay. The glacial soils in the area were found 

to be characterized by four distinct strata. These are: 

a. the upper drift which consists of organic soils running north-south 

through the study areas and outwash deposits on either side of the 

organic soils, 

b. the middle drift aquifer which consists of glacial outwash and 

ice contact deposits, 

c. a till stratum separating the upper drift from the middle drift 

aquifer and 

d. the lower drift which consists of a complex mixture of sands and 

till. 

The chemical analyses of soil samples included measuring phenolic and 

benzene extractable materials as a gross indicator of the relative amount of 

coal-tar derived wastes present in the soils. The results of these analyses 

were used to draw contours of equal benzene extractable concentrations and 

equal phenolic concentrations on various geologic sections through the study . 

area. 

In addition to the measurement of phenolic and benzene extractable con­

centrations, fifteen soil samples were analyzed using thin-layer chromatog­

raphy to determine the presence or absence of polynuclear organic materials 
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in the samples. Gas chromatography was then carried out on six of the samples 

to define the concentrations of the various polynuclear organics that were 

present. The objective of this analysis was to define the extent to which 

the polynuclear organic materials are moving from the coal-tar wastes iden­

tified in the various soil borings. 

A total of.sixteen ground water monitoring wells and three small diameter 

ground water piezometers were installed during the study. The monitoring 

wells were located in the St. Peter sandstone, the Platteville limestone, at 

the lower drift/bedrock contact and in the middle drift aquifer. Monitoring 

wells were used to measure piezometric levels and to collect representative 

samples of the ground water in the various strata. Piezom.etric levels along 
I 

with permeabilities obtained from the literature, from pumping tests or from 

soil samples were used to define the direction and rate of ground water move-
' 

ment in the glacial drift and in the underlying bedrock aquifers during sum-

mer and winter conditions. Ground water samples from the wells and from 
' 

industrial and municipal wells in the general study area were analyzed for 

phenolics, polynuclear aromatic hydrocarbons, oil and grease, biochemical 

oxygen demand, chemical oxygen demand, total dissolved solids, arsenic, 

copper, cadmium and other selected parameters likely associated with wastes 

from coal-tar distillation and wood preserving facilities . 

Based on the analyses carried out in this study, the following conclu­

sions are made: 

1. Analytically detectable quantities of coal-tar derivatives 

were present in approximately 90 percent of the soil 

samples collected and analyzed during this study. Coal­

tar d~rivatives are present in much greater concentrations 

throughout the soil column on the southern portion of the 

coal-tar distillation and wood-preserving site and south 

of the site than on the northern one-half of the site. 

For eXample, benzene extractable concentrations greater 
I 

than ~,000 mg/kg are present at a depth of 50 feet south 

of th~ site, whereas they are typically present at con­

centrations between 100 mg/kg and 200 mg/kg below the 

iii 



surface soils on the northern portion of the site. 

Chrysene, benz(a)pyrene, benz(c)phenanthrene and a number 

of other unidentified polynuclear aromatic hydrocarbons 

are present in the visible coal-tar wastes found near the 

surface throughout the study area and at depth south of 

the site. No attempt was made in this study to define 

the public health risks associated with these materials 

in the soil. 

2. Ground water in the glacial drift south and southeast of 

the site is moving laterally through the outwash material 

and vertically into the Platteville limestone. Vertical 

flow to the Platteville in the area southeast of the 

site is equal·to or greater than lateral flow through the 

outwash. Ground water movement through the Platteville is 

lateral, most likely toward the buried bedrock valley 

southeast of the site. 

3. Ground water in the glacial drift south and southeast of 

the coal-tar distillation and wood-preserving site is 

contaminated with coal-tar derivatives. From its point 

of deposit by surface flows, the movement of the waste 

has been lateral with ground water flow and vertical due 

to its higher specific gravity and due to the vertical 

ground water movement. The wastes contain measurable 

phenolics and polynuclear aromatic hydrocarbons such as 

pyrine. Polynuclear aromatic hydrocarbon concentrations 

of 3,400 mg/1 and phenolic concentrations of 50 mg/1 have 

been detected at a depth of 50' below the ground surface 

in the area between Lake Street and Highway 7. These 

wastes have traveled at least 1,000' to the southeast 

and to the glacial drift/bedrock contact where polynuclear 

aromatic hydrocarbon concentrations of 1.7 mg/1 and phe­

nolic concentrations of .3 mg/1 have been measured. Thus, 

it can be concluded that phenolics and polynuclear aroma­

tic hydrocarbons are contained in ground water reaching 

iv 

( 
I .. 
I 
r 
I 

•• 
•• 
I 
L 
I .. 
I 
t 
I 
• 

I 
.. 
I 



J 
I .. 
I , 
I 

•• 
I • 
I 
.. 
I .. 
I 
.. 
I 
• 
I 

J 
I .. 

the Platteville limestone over at least a portion of the 

area southeast of the site. No attempt has been made in 

this study to define the public health risks associated 

with these materials in the ground water. 

4. Phenolic concentration contours in the glacial drift 

south and southeast of the site are likely moving south­

eastward at rates between 30 and 150 feet per year. 

Ground water quality in the glacial drift aquifer is not at 

a steady-state condition and the concentration of coal-

tar derivatives will continue to increase away from the 

area of concentrated coal-tar waste. Reasonable·estimates 

of flow through the Platteville limestone indicate that 

water in,the Platteville takes on the order of 20 to 50 

.years to reach the buried bedrock valley from the area 

southeast of the site although flow times could be much 

less. The quality of water moving thr.ough the Platteville 

is also not at a steady-state condition and the concentra­

tions of coal-tar derivatives·will likely continue to 

increase. 

5. The buried bedrock valley southeast of the site is a 

recharge area to the St. Peter sandstone. Ground water 

reaching the buried valley either through· the glacial 

drift or t"he Platteville. can enter the St. Peter sand­

stone. Fr~m the buried valley, movement will likely be 

eastward out of the study area. The potential effect of 

this movement was not determined. 

6. A number of wells in the area are uncased through two or 

more bedrock aquifers and thus provide potential pathways 

for ground water to move between the upper more contami­

nated aquifers such as the glacial drift and Platteville 

and the lower aquifers. 

v 



7. Data collected for this study supports earlier data that 

indicate very low, but detectable concentrations of pheno­

lic compounds in bedrock wells beneath the site and at a 

municipal well field located north of the site. The very 

low concentrations of phenolics in the St. Peter sand­

stone measured south and southeast of the site can be 

attributed to leakage through the Glenwood or to leakage 

through uncased wells. The trace phenolic concentrations 

measured in the Mt. Simon-Hinckley wells on the site and 

at the City's well field are attributed to movement of 

coal-tar derivatives from a Mt. Simon-Hinckley well on 

the site to the municipal well field. The available 

information, however, is not sufficient to explain the 

reason for the measured phenolic concentrations in the 

municipal St. Peter and Prairie du Chien-Jordan wells at 

the municipal field north of the site or at other munici­

pal well fields in the area. In the case of the St. Peter 

wells, the gradients are sufficient to transmit seepage 

from uncased wells to the municipal well field; however, 

the time since construction of the uncased wells is too 

short for these wells to be the source of phenolics in 

the municipal wells. In the case of the Prairie du Chien­

Jordan wells, the computed gradients indicate that ground 

water cannot be transmitted from the site to the munici­

pal well field north of the site. 

8. Since the quality of the water in the glacial drift and 

Platteville is not at a steady-state condition, the 

quality of water in the St. Peter aquifer, which is 

influenced by seepage from the glacial drift/Platteville, 

is also not at steady-state. Due to its greater distance 

from the area of waste concentration in the glacial drift, 

the quality of the water in the St. Peter will change 

more gradually than the quality of water in .tfie drift or 

Platteville. Since the quality in the Prairie du Chien­

Jordan cannot be explained by the available data, no 
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comments can be made about future changes in the quality 

of water in this aquifer. The quality of the water in 

the City's Mt. Simon-Hinckley wells is likely controlled 

by recharge through uncased Mt. Simon-Hinckley wells. 

Since future ground water quality around .these uncased 

wells should not change significantly, it can be con­

cluded that quality of the Mt. Simon-Hinckley aquifer 

has, for practical purposes, reached a steady-state con­

dition. Thus, very little change in the quality of this 

aquifer is anticipated due to the wastes discharged from 

the former coal-tar distillation and wood-preserving 

facility. 

9. The coal-tar derivatives in the glacial drift ground 

water system represent a potential threat to the under-

lying ground water aquifers due to the uncased wells, due 

to flow to the buried bedrock valley, due to seepage 

through the Glenwood and due to the fact that existing 

industrial wells that acted as barriers to waste movement 

T, m IN(b 
o ~ COW( A_M r ;1 1\ 1· 

I 

\
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down-gradient of the contaminated ground water are being j . 
I llf\PACl'S' . 

10. 

abandoned, thereby increas1ng the potential for the spread - -

of the identified wastes . 

The control of ground water movement in the glacial drift 

to prevent the spread of the coal-tar derivatives is 

technically feasible using a system of pump-out wells in 

the glacial drift to control ground water gradients. 

The system investigated in this study assumed one well 

placed in the area of severest contamination in the wet­

land area north of Lake Street and south of Highway 7 and 

two wells located to the east and southeast. The western 

gradient control well will remove the severest contamina­

tion that is likely the source of most coal-tar deriva­

tives detected in this study. The eastern two wells will 

remove material that has escaped from this source and is 

traveling either through the drift or Platteville. Peak 

vii 



phenolic concentrations in the discharge from the well 

system are predicted to be on the order of 1 to 3 milli­

grams per liter and peak polynuclear aromatic hydrocarbon 

concentrations are predicted to be on the order of 100 

milligrams per liter. Concentrations of phenolics from 

the system are predicted to be less than .1 milligrams 

per liter after about 15 to 20 years of pumping while on 

the order of 50 to 100 years will likely be necessary to 

reduce phenolic concentrations below .01 milligrams per 

liter. The effect of desorption from soil particles 

could not be quantified, but will likely increase the 

pumping needed to reach these concentrations. 

11. The sanitary sewer and the existing surface water treat­

ment and disposal system were evaluated as disposal 

routes for the effluent from the gradient control wells. 

The most logical route for the effluent during times that 

high phenolic concentrations are produced will be the 

sanitary sewer. Sanitary sewer disposal is estimated to 

cost on the order of $10,000 to $15,000 per year. A 

service availability charge of approximately $100,000, 

however, could be assessed by the Metropolitan Waste 

Control Commission if the discharge is judged to be 

permanent. The second disposal route is·the existing 

treatment facility that is in place to treat storm water 

runoff from the site prior to discharge to Minnehaha Creek. 

In concept, the existing treatment system could provide 

the required treatment. Bench scale and pilot scale 

studies will be needed to determine if modifications to 

the existing facility will be necessary to treat the 

effluent. Combinations of these,two disposal routes are 

possible, such as disposal of effluent from the western 

gradient control well to the sanitary sewer system and 

disposal of effluent from the eastern wells. to the exist­

ing surface water treatment facility. 
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12. The volumes of soil that must be excavated to remove 

various concentrations of phenolics and benzene extract­

able material in the soils were evaluated. On the order 

of 700,000 cubic yards of soil must be excavated to 

remov~ all soil with phenolic concentrations greater than ~ 

~~ f.J ~\\)f,l mg /kg. On the order of 400,000 cubic yards of soil must 

~ ~~~ be excavated to remove soils with benzene extractable con-

~"'""'.~'t!( '( centrations greater than 1,000 mg/kg. Excavation of con- 7_ ?. WI..., ....:J: 
l"" ~Q , tamina_ted soil is not an alternative to gradient control. J d 
~ ~~ . Excavation of the most contaminated soils will, however, 

~ ~\ reduce the time required to control gradients in the area. 
r\,~ 
~ The am9unt of time reduc~ion, however, is not quantifiable. 

Based on the analyses carried out for this study and on the preceding 

conclusions, the following recommendations are made: 
' 

1. All bedrock wells constructed so as to provide pathways 

for ground water to move between the drift/Platteville 

and St. Peter and between the St. Peter or Prairie du 

Chien-Iordan and Mt. Simon-Hinckley aquifers should be 

grouted and abandoned. Highest priority should be given 

to locating and abandoning wells in the area bounded by 

Texas Avenue on the west, Minnetonka Boulevard on the 

nortJ;t, ,Highway 100 on the east and Minnehaha Creek and 

Excelsior Boulevard on the south. Wells in this area 

should be located and abandoned immediately. The investi­

gations summarized in this report indicate that these 

wells present potential pathways for the movement of 

coal-tar derivatives to the lower aquifers and, in fact, 

represent the only reasonable means by which ground water 

in the Prairie du Chien-Jordan and in the Mt. Simon­

Hinckley formation could be contaminated with waste from 

the site of the former coal-tar distillation and wood-

preserving facility. 

ix 
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2. 

3. 

Since the abandonment of uncased wells near the site will 

likely result in the movement of recharge from the buried 

valley to the St. Louis Park municipal well field to the 

north, St. Louis Park wells 1, 2 and 3 should also be 

abandoned. 

The potential impact of the identified high concentrations 

of coal-tar derivatives in the glacial drift ground water 

are significant enough that mitigative measures are recom­

mended to halt the movement of these wastes.· 

4. The control of ground water gradients in the glacial 

drift ground water system is technically feasible and the 

system presented in this report or a similar system should 

be implemented. It is recommended that design of the 

gradient control wells begin immediately. The first 

step in the design will be to place the additional wells 

and borings needed to define the exact location of gradi­

ent control wells. The next step will be to place one or 

more test wells to verify the aquifer characteristics 

needed to complete the design. The third step will be to 

complete the design and construct the wells. 

5. Water pumped from the gradient control welTs should be 

discharged to the sanitary sewer, at least initially. 

After the more highly contaminated ground water has been 

removed from the glacial drift or after treatability of 

the waste has been better defined, it may be possible to 

discharge the effluent from the wells to Minnehaha Creek 

after appropriate treatment. 

6. Bench scale and pilot scale studies should be conducted 

to define the treatability of the ground water using 

either the existing surface water treatment facility or 

a new treatment concept. 
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7. The effectiveness of the gradient control system should 

be monitored both in terms of the ability of the wells to 

capture coal tar derivatives through the glacial drift 

and Platteville limestone and, if the effluept is diE" 
charged to Minnehaha Creek, the ability of the treatmept 

facility to meet effluent limitations prior to discharge. 

8. Two additional wells should be placed in the St. Peter 

formation beneath the area of elevated coal-tar deriva­

tive at the drift/Platteville contact to monitor the 

quality of water in the St. Peter. If the averj;e c7- S 
lOftY T}lo 1 . T 

centration of the phenolics, as measured by the MBTH Ml£"r1"10D c.A..; 
Method,, exceeds a concentration on the order of 20 micro- C>f:: ttePRO~ 
grams p_er liter, significant change will have occurred 

and gradient control or some other appropriate mitigative 

measure should be required to control movement of the 

wastes in :the St. Peter. 

·g. Further' information is needed regarding the effect of the 

trace pnenolic concentrations measured in the municipal 

wells in St. Louis Park. It is recommended that studies 

be carried out to define the potential public health 

effect of these trace phenolics. 

10. A better definition of hydrogeology is needed in the 

buried bedrock valley located near Highway 100 and 

Excelsior Boulevard. Specifically, soil borings and 

piezometers should be placed in the valley to define its 

extent. and to estimate gradients and likely vertical 

flow rates. In addition, monitoring wells should be 

placed near the western edge of the valley to define the 

quality of water discharged to the valley from the site 

area through the glacial drift, Platteville and St. Peter 

units. A monitoring well should also be placed in the 

St. Peter north of the valley to monitor the quality of wo/ Ill J (~IJc 
the water in the aquifer between the valley and the City C;;;; clOG! fl·ca 
well field to the north. ~ 
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SECTION I 

STUDY OBJECTIVES AND GENERAL APPROACH 

Between 1917 and 1972, a coal-tar distillation and wood-preserving 

facility was operated in the City of St. Louis Park north of Highway 7 and 

approximately 1 mile west of Highway 100. During operation, spills occurred 

and wastes were reportedly discharged to the environment. The purpose of 

the stud~ summarized in this report is to assess the impacts of this facility 

on the soil and' ground water systems in the area. Specifically, the objec-

' tives of the study are to: 

a. measure the extent of coal-tar wastes in the soils, 

b. measure the effect of these wastes on surficial and bed­

rock ground water quality, 

c. define the interactions between the surficial ground water 

systems and the underlying bedrock aquifers, 

d. predict future impacts of the waste deposits on ground 

water quality, and 

e. recommend corrective actions and future studies necessary 

to solve any identified problems . 

The data collection activities for the study were divided into two 

phases so that the early data could be reviewed and the work plan for .the 

study adjusted, if necessary, to meet the above objectives. The early data. 

collection activities were designed to define the vertical and horizontal 

extent of coal-tar wastes in the soils, define the quality of the glacial 

drift ground water system, and define the interactions between the glacial 

drift ground water system and the bedrock aquifers. The emphasis of the 

early data collection activities was placed on using general indicator 

parameters to broadly define the location and extent of coal-tar wastes in 

the soil and ground water and on carrying out a limited number of more 
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detailed analyses to begin defining how the various compounds known to be in 

the wastes are migrating vertically and laterally through the glacial soils. 

Subsequent data collection activities were directed toward obtaining a better 

definition of ground water degradation south and southeast of the site of 

the former coal-tar and wood-preserving facility* and on obtaining a better 

definition of glacial drift and aquifer interactions. This information was 

then used to evaluate various corrective actions.controlling 

The early data were summarized and interpreted in a report by Barr 

Engineering Co. to the Minnesota Pollution Control Agency titled "Phase I 

Report, Soil and Ground Water Investigation, Coal-Tar Distillation and Wood­

Preserving Site, St. Louis Park, Minnesota," dated May, 1976. The general 

conclusions from the Phase I Report are summarized in Section II of this 

report. 

After the early data were reviewed, the additional data collection 

activities necessary to attain the objectives of the study were defined and 

carried out. Concurrently with carrying out the additional data collection 

activities, the effects of the coal-tar wastes on surficial and bedrock 

ground water quality were predicted and techniques to mitigate the impacts 

of the wastes were evaluated. 

Based on the early data, the emphasis of the additonal data collection 

activities was placed on: 

a. further defining the condition of the surficial and bed­

rock ground water south and southeast of the site, and 

b. assessing the interaction between the surficial and bed­

rock aquifers south and southeast of the site. 

The emphasis of the portion of the study that assessed corrective mea­

sures was directed toward evaluating the technical feasibility of control·liing 

*The area within the boundaries of the former coal-tar distillation and wood­
preserving facility is referred to as the site. 
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ground water gradients. Since gradient control is relatively insensitive to 

the exact distribution of coal-tar wastes within the controlled area, further 

definition of the distribution of coal-tar waste in the glacial soils was 

assigned a lowe~ priority than the definition of ground water conditions and 

the definition of aquifer interaction. If. it was concluded that gradient 

control was not'a technically feasible method of mitigating. identified ground 

water problems, other forms of controlling the contamination, such as exca­

vation, were to be evaluated. It was recognized, however, that further data 

collection efforts would likely then be needed to better define the exact 

distribution of coal-tar wastes in the soil .. 

The purpose of this report is to summarize the data collected during 

the study to summarize the assumptions and methods used to arrive at the 

conclusions and recommendations and to summarize the conclusions and recom-

mendations themselves. The report is organized into seven sections. Section 

I is the discussion of study objectives and general approach. Section II 

summarizes the conclusions of the Phase I Report. Only data collected 

before publication of the Phase I Report that are especially pertinent to 

the final conclusions and recommendations of the study are included again 

in this final report. Section III of this report summarizes the data, 

detailed study methods and assumptions used to arrive at the conclusions and 

recommendations. Sections IV and V combine the data and study methods to 

define existing and predicted future ground water conditions. Section VI 

discusses the corrective measures that were evaluated to mitigate ground 

water problems identified in Sections IV and V. Section VII summarizes the 

conclusions of the study as well as corrective measures and further studies 

that are recommended. 
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SECTION II 

SYNOPSIS OF THE PHASE I REPORT 

As discussed in Section I of this report, the data collection activities 

were divided into two phases so that the early data could be reviewed and the 

work plan adjusted, if necessary, to most effectively meet the study objec­

tives. The early data collection activities were designed to begin defining: 

a. the ve!:tical and horizontal extent of coal-tar wastes in 

the soils overlying bedrock, 

b. the general quality of ground water in the glacial drift, 

and 

c. the interactions between the glacial drift and bedrock 

aquifers . 

The emphasis ·of the early soil and ground water data collection activities 

was placed on using general indicator parameters to broadly define the loca­

tion and extent of coal-tar wastes in the soil and ground water, and on 

carrying out a limited number of more detailed analyses to begin defining 

how the various compounds known to be in the wastes are migrating vertically 

and laterally. 

Fourteen soil borings were placed during the. early phase to collect 

soil samples for chemical analyses and to define the stratigraphy of the 

glacial soils in the area.* Borings were placed in the northern one-half of 

the site, in areas on the southern portion of the site suspected of being 

*For the soil investigation portion of the study, the term "study area" refers 
to the area within the boundaries of the former coal-tar and wood-preserving 
facility (referred to as the site), plus areas south of the site that 
received runoff from the site. For the ground water investigation portion 
of the study, the term "study area" refers to a larger area including the 
municipal wells located at the City of St. Louis Park's well field at 29th 
Street and Idaho Avenue . 
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saturated with coal-tar derivatives during facility operation, and in areas 

south of the site in drainageways and catchment areas. Soil samples were 

typically collected at 5-foot intervals throughout the soil column, except 

where visible coal-tar wastes were present when.samples were after col­

lected at 2-1/2 foot intervals. The requirements of the soil sampling 

program and the nature of the soils in the study area required that extreme 

care be taken to insure that representative soil samples were collected. 

Soil samples collected from the fourteen borings were visually clas­

sified and this data were used to obtain a general.picture of glacial 

stratigraphy overlying bedrock in the study area. Glacial soils in the 

area are characterized by glacial outwash and ice contact deposits ranging 

from fine sands to coarse gravels. These outwash and ice contact deposits 

are separated by glacial till strata ranging from fine silty sands to a 

sandy clay. 

The chemical analyses of soil samples included measuring the phenolic 

material and benzene extractable material in all soil samples as a gross 

indicator of.the relative amount of the coal-tar derived wastes present in 

the samples. Analytically detectable quantities of coal-tar wastes were 

present in approximately.90% of the soil samples collected from early soil 

borings placed in the area between the north boundary of the site and Lake 

Street. The phenolic and benzene extractable concentrations in the soil 

samples for each boring were used to draw contours of equal phenolic concen­

trations and equal benzene extractable concentrations on geologic sections 

through the study area. In general, the data indicated low, but still 

detectable, levels of phenolic and benzene extractable material in soil 

samples collected on the northern portion of the site. Highest concentra­

tions of phenolic and benzene extractable concentrations were found south 

of the site between Walker Street and Lake Street with either low or 

undetectable levels of phenolics and benzene extractable material found in 

samples from the single boring placed south of Lake Street. The concentra-. 

tion contours indicated a generally increasing concentration of both phenolics 
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and benzene extractable material with increasing depth in the glacial soils 

in a southerly and southeasterly direction from the site. Benzene extract­

able concentrations greater than 1,000 mg/kg are present at a depth of 50 

feet south of the site. 
' 

In addition to the analyses of phenolic and benzene extractable mater­

ials, eleven soil samples were analyzed using thin layer chromatography 

techniques to determine the presence or absence of polynuclear organic 

materials in the samples. Gas chromatography techniques were then carried 

out on five of the samples to define the concentrations of the various poly­

nuclear organic materials that were present. The objective of the thin 

layer chromatography/gas chromatography analysis was to begin defining the 

extent to which the polynuclear organic materials are moving from the 

coal-tar wastes identified in the various soil borings. Since additional 

soil analyses were carried out after publication of the Phase I Report, the 

results of this entire portion of the investigation is discussed later in 

this report. 

A total of nine ground water monitoring wells were installed during 

the early data collection activities. Ground water samples were collected 

from these monitoring wells, from three St. Louis Park City wells northeast 

of the site and from two industrial wells south and southeast of the site. 

The results of the analyses of these water samples have been combined with 

data from additional sampling to develop the conclusions regarding ground 
' water quality presented in Section IV of this report . 

The early studies of aquifer interaction revealed that soils in the 

study area exhibit a range of water-transmitting capabilities spanning 

seven orders of magnitude. Permeabilities of the outwash sands and gravels 

were found to be as high as 10 em/sec (30,000 ft/day) while permeabilities 
-6 -3 

of the clay till were found as low as 10 em/sec (3 x 10 ft/day) in 

places. Two pumping tests carried out at the City well field located north. 

of the site indicated that leakage through the confining bedrock aquitard 

separating the glacial soils from the upper sandstone aquifer (St. Peter) 

was not measurable and that the vertical permeability of the bedrock units 

between the St. Peter aquifer and the second sandstone aquifer (Jordan) was 

Ooess THlS ~o,- cc~t=Jitll7 
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o~ the order of 10 em/sec. Data from the two pumping tests were incon-

clusive, however, since the tests had to be of short duration to work 

around background fluctuations and City water nests, and since the 

characteristics of the wells used in the pumping tests were somewhat 

unknown. 

The Phase I Report summarized and interpreted the data collected 

during the early stages of the study. Additional detail regarding this 

early data and data collection methods can be found in that report, in the 

various investigative memoranda that were prepared.during the course of the 

data collection activities and in the reports furnished by the subcontract­

ing laboratories included in Appendices A, B and C of the Phase I Report. 
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SECTION III 

STUDY METHODS AND DATA 

The purpose of this section of the report is to summarize the study 

methods, assumptions and data that form the basis for the conclusions and 

recommendations that are presented in the last three sections of this report. 

This section is divided into subsections that describe the soil, geologic, 

ground water movement and ground water quality investigations . 

SOIL INVESTIGATIONS 

A total of seventeen soil borings were placed in the study area during 

the course of this investigation. The locations of these seventeen soil 

borings are shown in Figure 1.* Soil Borings 1 through 14 were placed during 

the portion of the investigation summarized in the Phase I Report. Soil 

samples collected from these borings were analyzed for phenolic concentra­

tions and benzene extractable concentrations. This information was used to 

construct contours of equal phenolic and benzene extractable concentrations 

at six vertical geologic sections through the study area. In addition, the 

grain-size distributions of a limited number of soil samples from these 

borings were measured and used to estimate permeabilities. ·The data from 

these soil borings are presented and discussed in the Phase I Report. 

Soil Borings 15 through 17 were placed during the final phase of the 
I 

study. These three borings were needed for the following reasons: 

a. samples were needed from certain stratigraphic units for 

permeability analysis, 

b. additional information was needed near the outer margins 

of the study area to extend the definition of glacial drift 

stratigraphy, and 

*All figures and tables are included after the text, but before the. 
Appendices to this report. 
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c. information was needed regarding piezometric levels at the 

base of the glacial till. 

The three soil.borings placed in the latter stages of the project were 

placed in the vicinity of monitoring wells. These monitoring wells were 

typically in the higher glacial drift strata. Small diameter piezometers 

were installed in Soil Borings 15 through 17 to ~rovide data on the piezo­

metric levels at the base of the glacial drift. This, along with the water 

level in the monitoring well, provided information on the differences in 

piezometric level between the higher glacial drift aquifer and the base of 

the drift. These differences in piezometric level were then used as input 

data to estimate the vertical leakage through the aquitard separating the 

glacial drift aquifer and bedrock. The data obtained from. these soil borings 

are discussed more fully in the subsections on geologic and ground water 

movement investigations. 

During the portion of the study leading up to the Phase I Report, 

eleven soil samples were analyzed using thin layer chromatography techniques 

to qualitatively determine the presence of polynuclear organic materials in 

the soil samples. Gas chromatography techniques were then carried out on 

five of the samples to quantitatively define the concentration of six poly­

nuclear organic materials. After publication of the Phase I Report, five 

additional samples were analyzed by thin layer chromatography techniques, 

and one of these samples was subsequently analyzed by gas chromatography. 

Two of these samples were collected from a soil boring placed in a typical 

urban area of St. Louis Park away from the study area to serve as a measure 

of background conditions. The objective of the thin layer chromatography/ 

gas chromatography analysis was to define the extent to which the polynuclear 

organic materials are moving from the visible deposits of coal-tar wastes 

identified in the various soil borings. Since additional thin layer chroma­

tography/gas chromatography data became available after publication of the 

Phase I, Report, the entire data base on this subject will be discussed in 

this subsection. 

A total of sixteen soil samples collected from Borings 1, 2, 5, 9 and 

11 and from a "control" boring were analyzed by thin layer chromatography 
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techniques during the course of this study. The following paragraphs briefly 

discuss the reasons for selecting soil samples from these borings . 

a. · Boringil--Boring 1 was the northernmost boring ·located on 

the site in an area used for the storage of treated wood 

product. According to former employees of the coal-tar 

distillation and wood-preserving facility, the general 

area surrounding the location of Boring 1 was also used as 

a source of fill and as a dumping area for soil containing 

spilled product and waste material. Soil samples from the 

10-foot,depth.and from the 55-foot depth were selected for 

analysis by thin layer chromatography. The sample from 

the 10-foot depth was immediately below the glacial drift 

ground water table in a silty, sandy clay material. The 

soil had a characteristic black color with a concentration 

of benzene extractable material of 2,200 mg/kg. Phenolics, 

however, were not detectable (<.2 mg/kg) in the sample, 

probably indicating that the soluble fraction had been 

leached from the sample. The soil sample from the 55-foot 

depth did not contain visible coal-tar material; however, 

a phenolic concentration of 1.0 mg/kg was measured. 

b. Boring 2--Boring 2 was also located in the northern half 

of the site, approximately 400 feet southwest of Boring 1. 

Soil samples with benzene extractable concentrations 

exceeding. 3,000 mg/kg were collected between the 8 and 11-

foot depths in the upper portion of this boring above a 

lacustrine clay stratum. The sample from the 20-foot 

depth was selected for thin layer chromatography analysis. 

The sample was collected from a fine to medium sand stratum 

and exhibited a benzene extractable concentration of 125 

mg/kg and a phenolic concentration of. 0.6 mg/kg. 

c. Boring 5--Boring 5 was located immediately northeast of the 

storm water storage pond recently constructed on the site. 

During operation of the coal-tar distillation and wood-
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preserving facility, an API Separator was.located in this 

area. Coal-tar derivatives are known to exist above the 

saturated zone and coal-tar wastes could be seen seeping 
from the banks of the storm water storage p.ond during 

pond construction in late 1975. A soil sample from the 

5-foot depth of Boring 5 with the characteristic black 

color and creosote-like odor was selected for analyses by 

thin layer chromatography techniques. In addition, soil 

samples collected immediately below the top of the satu­

rated zone at a depth of 15 feet and at a depth of 30 feet 

were also selected for analysis by thin layer chromato­

graphy. The two deeper samples did not contain visible 

coal-tar wastes. 

d. Boring 9--In Boring 9, surface peat and an organic·silty 

clay stratum overlie a zone of sand visibly saturated 

with coal-tar waste. This sand stratum with visible coal­

tar waste is immediately above a till stratum approximately 

32 feet below the ground surface. A second stratum of sand 

visibly saturated with coal-tar waste was found immediately 

above a second till layer at a depth approximately SO feet 

below the ground surface. One sample from the overlying 

peat, samples from the two sand strata overlying the two 

till layers and samples from the two till layers were 

selected for analysis using thin layer chromatography. 

e. Boring 11--Boring 11 is approximately 300 feet east of 

Boring 9. Soil samples from Boring 11 did not indicate 

visible coal-tar wastes between the ground surface and 

bedrock, although a creosote-like odor was detected. The 

two till strata indicated in Boring 9, however, were also 

identified in Boring 11. Since ground water movement in 

the drift is easterly from the area of Boring 9 to Boring 

·11, soil samples were selected for analysis by thin layer 

chromatography techniques f.rom the strata where coal-tar 

wastes were present in Boring 9. 
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f. Control Boring--Soil samples for thin layer chromatography 

analysis were collected from·the 3-foot depth and from the 

lQ-foot depth of a soil boring placed 100 feet west of 

Trunk Highway 100 near Cedar Lake Road in St. Louis Park. 
' . 

The purpose of this "control" boring was to collect infor-

mation on the presence of polynuclear organic materials "f. loO HA'T Aec.~-r 
from a !'typical" urban area. A boring adjacent to a major AN i=\~€:A WH ICI 

highway was selected since vehicle exhaust is a known RE.C•EV ~:S Dl,al:c"T 
source of polynuclear organic materi.als. DR~III.:I~e tjr;:. Pt~ 

v~Mt.:l. NATV R.~ o~ All 
J: t.l.~'-' .> -r It •A 1,. oPe. !e ~ i Ml 

The sixteen soil samples outlined in the preceding paragrapns were 

examined for polynuclear organic materials by Midwest Research Institute 

(MRI) at their Kansas City, Missouri laboratory. Soils were extracted with 

cyclohexane and the extracts were screened by thin layer chromatography on 

silica gel. Development with benzene-cyclohexane and visualization under 

long ultraviolet light indicated that polynuclear organic materials were 

present in all samples collected from the study area with the exception of 

the sample from the 55-foot depth of Boring L Highest concentrations were 

found in samples from the shallow strata of Borings 1 and 5 and from the 

two sand strata above the till.layers in Boring 9. No bands indicative of 

polynuclear organic materials were detected in the thin layer chromatographic 

screening of the two samples from the control boring • 

Thin layer chromatography plates for six soil extracts were scraped 

and reextracted for' gas chromatographic examination. The polynuclear 

organics, 3-methyl cholanthrene and 3, 4, 6, 6-dibenzcarbazole were not 

identified in any extract; however, benz(c)phenanthrene, chrysene, benz(a)­

pyrene and 7, 12- dimethylbenz(a)anthracene were measured in some soil 

samples. Several unassigned peaks in the gas chromatograph traces indicated 

notable quantities of other polynuclear organic material that could not be 

identified with standards available at MRI . 

The results of the thin layer chromatography and gas chromatography 

analysis, as well as the phenolic and benzene extractable concentrations 

measured on the sixteen soil samples sent to MRI, are summarized in Table 1. 

The data indicate that polynuclear organic materials were present in fifteen 
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of the sixteen soil samples collected from the study area with significantly 

higher concentrations present in the visibly contaminated soil samples 

collected at depth in Boring 9 and from near the surface in Borings 1 and 5. 

The soil samples that include the letters A and B from Boring 9 in Table 1 

are samples where the sand-till interface was actually present in the soil 

sample. Samples SS-109B-l and SS-109A-2 were collected from the sands over­

lying the till strata and samples SS-109A-l and SS-109B-2 were collected 

from the till strata underlying the sands. Much greater quantities of benz­

(c)phenanthrene, chrysene and benz(a)pyrene were found in the sands overlying 

the tills than in the tills themselves. Chrysene measured in the sand over­

lying the till at a depth of 50 feet in Boring 9 was 474.5 ~g/gm, and benze­

(a)pyrene was measured in the same soil sample at 6.9 ~g/gm. Both of these 

compounds were below the detection limits in the till stratum underlying the 

sand. Benz(a)pyrene and chrysene were also detectable in the sand stratum 

at a depth of approximately 32 feet overlying the upper till stratum in 

Boring 9. Concentrations of these two compounds were also below detection 

limits in the till underlying this sand stratum, The quantification of poly­

nuclear organic materials deep in the soil column south of the site is one 

of the significant findings of this study. The data indicate that the 

polynuclear organic materials are concentrated above the till strata and 

that polynuclear organic materials have moved below the upper till stratum 

in the glacial soils in this area. The data also indicate "that the poly­

nuclear organic materials have not moved to the deeper portions of the soil 

column beneath the site at least in the areas sampled by Borings 1, 2 and 5 .. 

Midwest Research Institute's report on the eleven soil samples analyzed 

prior to the Phase I Report, including a discussion of analytical procedures, 

a summary of results and appendices containing the thin layer chromatographic 

screens and the gas chromatograms of the quantified extracts, is included in 

Appendix C of the Phase I Report. Midwest Research Institute's report on 

the five soil samples analyzed after publication of the Phase I Report is 

included in Appendix A of this report. 
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GEOLOGIC INVESTIGATIONS 

The summary of geologic investigation methods and resulting data has 
• 

been divided into discussions of glacial drift and bedrock geology. 

Glacial Drift Geology 

The information collected in the early portion of the study led to the 

conclusion that the glacial drift stratigraphy generally consisted of a com­

plex arrangement:of alternating strata of glacial till and more coarse allu­

vium overlain by peat .deposits running north-south 'through the central 

portion of the study area. The logs from the soil borings and monitoring 

wells placed in the latter stage of the study along with soil borings and 

well logs from other sources provided additional information regarding the 

nature and extent of the drift stratigraphic units . 

The surficial material in the lowland portions of the site and surround­

ing area is peat and muck, while. the surficial material on the higher ground 

is alluvial sands and gravels. The surficial unit is referred to as the 

upper glacial drift unit in this report. These surficial materials are 

underlain by a till unit from the Des Moines Lobe glacial advance. This 

till unit is thickest under the peat, especially under the two storm water 

storage ponds that have been constructed in the area. It has a lean clay 

texture in the west-central portion of the study area near Boring 15, grades 

gradually into a sandy clay to the east in the vicinity of Boring·ll, grades 

to a silty sand at the eastern edge of the study area in the vicinity of 

Boring 16, and grades to a sandy clay to the south near Boring 7. Its 

thickness generally varies from 2 to 5 feet over the area covered by the 

soil borings. 

This till unit is underlain by a sequence of sands and gravels which 

seems continuous over the study area. The thickness of the sequence varies 

from 15 to 48 feet, but is generally about 20 feet. There are numerous 

silty and clayey lenses in this stratum, but none are deemed extensive 

enough to greatly inhibit vertical or horizontal flow. This unit is 

referred to as the middle drift aquifer in this report. 
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The remaining portions of the drift above bedrock is a sequence of silt, 

clay and sand. The clays appear to underly the peat. To the east and west, 

these grade into silts arid sands separated by sand strata. This basal till 

and outwash has been combined into one drift unit for the purposes of this 

report and is referred to as the lower drift. The total thickness of this 

sequence varies from 12 to 45 feet with an average thickness of about 20 feet. 

. Cross-sections showing the assumed general glacial drift st:ratigraphy are 

shown in Figures 2 and 3. The locations of these two cross-sections are shown 

in Figure 4. The cross-sections show the complexity of the glacial drift 

stratigraphy in the study area. The undulations of· the till/outwash contacts 

both in the north-south and in the east-west directions are extreme and 

~reatly complicate an accurate quantification of glacial drift ground water 

riiovemen.t. 

Bedrock Geology 

The stratigraphy of the bedrock underlying the area is complicated by 

the presence of.buried bedrock valleys of varying depth and extent that cut 

through one or more of the upper bedrock units. Since it is important that 

the stratigraphy of the various bedrock units be well understood, the charac­

teristics of the various bedrock units and the assumptions made about them 

will be discussed in detail. The general geologic column in the study area 

is shown in Figure 5. 

Perhaps of greatest importance is a description of the contact between 

the glacial drift and the .uppermost bedrock unit. In general, the upper 

bedrock unit over the study area is the Platteville limestone. In the Twin 

City Basin, the Platteville is comprised of three members. These are, from 

bottom to top, the Mifflen, a very thin and crinkly-bedded limestone about 

11 to 13 feet thick; the Hidden Falls, an argillaceous dolomite limestone 

about 6 feet thick; and the Magnolia, a microgranular dolomite limestone or 

calcareous dolomite about 8 feet thick (Austin, 1969; Weiss and Bell, 1956) .'· 

The thickness of the Platteville is a maximum of 31 feet in the area; however, 

it has been eroded to varying extents over the area. 

Underlying the Platteville limestone is the Glenwood shale. This unit 

is a greenish-gray or olive-gray fissile fossiliferous shale containing 
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scattered coquinoidal limestone beds (Austin, 1969}. It has a sharp, non­

erosional contact with the Platteville, while its lower boundary is grada­

tional into the St. Peter sandstone. In the study area, it has a thickness 

of approximately 3 feet. 
I 
I 

The contours of the Platteville-Glenwood contact over the study area 

are shown in Figure 6. The contour pattern was determined by the elevation 

of the base of the Platteville limestone from various well logs in the 

vicinity. This contact was used because it has a distinct non-erosional 

surface easily distinguished by well drillers and because the upper surface 

of the Plattevil~e has· been eroded over most of the study area. The 

Platteville-Glenwood contact is generally flat-lying, but there are several 

structural features to it. To the southeast, it appears that the monoclinal 

flexure observed elsewhere in the metropolitan area is encountered. This 

flexure continues' to the northeast to the general vicinity of St. Anthony 

Falls (Olsen, per, com.). East of the study area is a slight anticline 

with a maximum rise of about 10 feet. In the vicinity of the study area and 

to the west, the Platteville-Glenwood contact slopes to the east in confor­

mance with the basin structure of the Twin Cities area. 

It is believed that the preglacial bedrock outcrop in the study area 

was either Decorah shale or Galena limestone (Olsen, per. com.). The 

Platteville has been eroded to varying degrees in places, and in other 

places it has been observed that all of the Platteville is present. All 

observation wells and borings placed for this study that extended to bed­

rock encountered 1 to 2 feet of limestone rubble above the Platteville. 

This may be the result of in-situ weathering or of basal glacial transport. 

An extensive inventory was made of available well logs in the study area 

vicinity to determine the thickness of the Platteville. The results are 

shown in Figure 7. It can be seen that the Platteville thickenss in the study 

area ranges from 0 to over 31 feet. Most of the area southeast of the site 

appears to lie in an erosional channel where the Platteville thickness 

decreases to zero near the intersection of the proposed Louisiana Avenue 

Extension and the Chicago, Milwaukee, St. Paul and Pacific Railroad. The 

Platteville is likely missing in the remainder of this channel to the south. 

The log of the Methodist Hospital well and the extrapolated elevation of 
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the Glenwood-St. Peter contact indicates that the full thickness of St. Peter 

sandstone is likely present at the location of this well. Although the log 

indicates that only glacial drift overlies the St. Peter, it can be reason­

ably assumed that a small amount of Glenwood is between the glacial drift and 

the St. Peter, since the upper part of the St. Peter is so erodible it would 

likely have been removed if the overlying Glenwood was not present. There­

fore, it is presumed that the St. Peter does not subcrop in this erosional 

channel. 

There is evidence of another erosional channel.in the Platteville just 

east of the study area. This channel generally seems to run from the area 

near Central Junior High School to the intersection of Excelsior Boulevard 

and Highway 100. From the well logs and the information in Figure 7, it 

appears that the entire thickness of the Platteville has been removed in 

the vicinity of West 36th Street and Wooddale Avenue, but that the erosion 

has cut only slightly into the·underlying Glenwood shale. However, the log 

from a Minnesota Department of Transportation soil boring at the intersection 

of Highway 100 and Excelsior Boulevard shows a long sequence of sand and 

gravel deposits overlying the St. Peter sandstone. The glacial drift-

St. Peter contact was at Elevation 775, about 25 feet below the extrapolated 

elevation of the Platteville-Glenwood contact in that area. Therefore, it 

is hypothesized that the Glenwood shale has been eroded completely away over 

a portion of the erosional channel bottom between 36th and Wooddale to 

Excelsior Boulevard and Highway 100, allowing the St. Peter to subcrop. 

About 2 miles east of the site is a major buried bedrock valley. It 

underlies the Minneapolis chain of lakes and cuts througn the bedrock units 

to the Oneota formation and perhaps into the Jordan sandstone. Because it 

cuts through several bedrock units, it plays an important role in the bed­

rock hydrology of the area. With the exception of these buried valleys, the 

bedrock subcrop is Platteville limestone or Glenwood shale elsewhere. in the 

study area vicinity. 

Underlying the Glenwood shale is the St. Peter sandstone. This forma­

tion is a secondary aquifer used in the area by municipal and industrial 

wells. The St. Peter is a light yellow or white, well-sorted, quartzose 
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sandstone. Olsen (1976). discusses the detailed stratigraphy of the St. Peter 

in the Twin Cities area. Olsen notes that there are several siltstone and 

claystone layer~ in the middle and at the base of the St. Peter. These 

layers increase; in .frequency and thickness to the northwest, the inferred 

direction of the source·material. The siltstone and claystone layers in the 

middle of the St. ·Peter are considered to be discontinuous lenses, while the 

siltstone and claystone layers near the base are considered to be continuous 

(Olsen, per. com.). 

The St. Peter sandstone is underlain by an unconformity of rather high 

relief, and the thickness of the St. Peter, therefore, varies considerably 

over the Twin City area. The log from a well on the site shows the St. Peter 
' thickness to be 165 feet. This is in agreement with other.well logs sited 

by Olsen (1976) and with logs from municipal and industrial wells in the 

vicinity. Therefore, the St. Peter has been assumed to be 165 feet thick 

throughout the study area for the purpose of this study. The thickness of 

the basal siltstone and claystone layers of the St. Peter was reported to 

be 55 feet thick at the 29th Street and Idaho Avenue well field. This is- HT­
in general agreement· with well logs referenced by Olsen (1976~port 
their thickness to be in ·the range of 32 to 50 feet. The basal siltstone 

and claystone strata were assumed to be 55 feet thick for this study. 

The St. Peter is underlain by the Prairie du Chien group. This is com­

prised of the Shakopee and Oneota dolomites and is characterized by frequent 

fractures, joints and solution cavities. The Prairie du Chien is underlain 

by the Jordan sandstone, a coarse to medium quartzose sandstone. Because 

there is no aquitard separating these units, the Prairie du Chien and Jordan 

are considered to be one hydrologic unit, Together they comprise a major 

bedrock aquifer in. the Twin City area. Their thickness was taken to be 244 

feet for this study.: 

The Jordan is underlain by the St. Lawrence formation, an argillaceous 

dolomite about 65 feet thick which acts as an aquiclude in the bedrock hydro­

logy of the area. Beneath the .St. Lawrence, there are several minor aquifers. 

These include the Ironton sandstone, Galesville sandstone, and the coarser 

members of the Franconia sandstone. Associated with these are several 
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aquitards consisting of the Eau Claire sandstone and the finer members of 

the Franconia sandstone. 

Below these aquifers and aquitards are the Cambrian Mt. Simon sand­

stone and the pre-Cambrian Hinckley sandstone. Together, these constitute 

another aquifer in the Twin City Basin. They are both m~dium to coarse 

grained sandstones and together have a thickness of 263 feet. Sunde (1974) 

found five wells that penetrated these formations in the vicinity of the 

study area. These are St. Louis Park Municipal Wells 11, 12 and 13; a well 

drilled for the railroad;'and a well on the site. Investigations for this 

study did not identify any other wells penetrating these formations in the 

area. 

GROUND WATER MOVEMENT INVESTIGATIONS 

The purpose of this subsection is to summarize the general methods and 

data used to quantify the movement of ground water laterally through the 

glacial drift and bedrock and vertically between the glacial drift and upper 

bedrock unit and between the upper and lower bedrock aquifers. The discus­

sion of ground water movement investigations has been divided into glacial 

drift studies and bedrock studies. 

Glacial Drift Ground Water Movement 

The directions and rates of ground water movement in the glacial drift 

through the study area were determined using data from monitoring wells and 

soil samples. A total of nineteen wells and piezometers were placed during 

this study. Eleven of these were placed in the middle drift aquifer, six at 

the base of .the glacial drift, one in the Platteville limestone, and one in 

the St. Peter sandstone. The location of these wells and piezometers are 

shown in Figure 8. 

Wells 1 through 10 were placed during the portion of the study leading 

up to the Phase I Report. As shown in Figure 8, three of these wells are 

located on the site and six are located around the site with two tiers of 

wells to the south. Wells 11 through 17 were placed during the latter phase 
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of data collection activities on the project. These wells were concentrated 

·in the area southeast of the site to better identify the direction of ground 

water movement from the area of high phenolic concentration that was defined 

in the earlier port~on of the study. 

Well 1 was placed into the Platteville limestone. Wells 2, 3, 5, 6, 7, 

8, 9, 10, 11 and 12 were placed into the middle glacial drift aquifer. 

Well 13 was placed at the base of the middle drift aquifer at the location 

of Soil Boring 9. The soil was visibly saturated with creosote-like material 

and elevated polynuclear organic concentrations were measured in the soil 

samples collected from· the zone whe.re the screen for Well 13 was placed • 

Wells 15, 16 and 17 were placed at the base of the lower drift just above 

bedrock. These wells were used to measure piezometric levels in the lower 

glacial drift to assist in defining aquifer interaction. Well 14 was placed 

into the St. Peter sandstone. This well was double-cased through the glacial 

drift, Platteville, Glenwood and into the St. Peter and was used to obtain 

data on the piezometric level in the St. Peter sandstone beneath the area of 

known high phenolic concentration·s in the glacial drift. In addition to the 

sixteen monitoring wells placed on the project, three small diameter piezo­

meters were placed at the locations of Soil Borings 15, 16 and 17 to provide 

information on the ground water levels at the locations of these borings. 

These piezometers were placed at the base of the lower drift near the bedrock 

contact. Several of the wells were "nested" with one well in the nest 

screened in the middle drift aquifer and a second well or piezometer in .the 

nest screened in the lower drift. 

The monitoring wells placed for this study were constructed according 

to the Minnesota Wat~r Well Construction Code, except that the wells were 

not chlorinated after development. Each well was constructed of 4-inch 

diameter black steel pipe with 3 to 5 feet of stainless steel well screen. 

A cross-section through a typical well is shown in Figure 9. The elevation 

of the top of the well, the elevation of the bottom of the well screen and 

pertinent data regarding the soils encountered during well placement are 

summarized in Table 2. 
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Water levels in the sixteen monitoring wells placed for this study were 

measured on approximately a monthly basis beginning at the time each well 

was completed. The fluctuations in ground water levels at each well are 

summarized in Figures B-1 through B-13 contained in Appendix B of this 

report. Where ground water monitoring wells were nested, the ground water 

hydrographs for wells in the nest are plotted on a single figure to more 

easily compare the piezometric fluctuations in the higher and lower units 

and to more easily compare the differences in piezometric levels between the 

various units. 

In general, the piezometric levels in the middle drift aquifer declined 

during 1976 arid the··first two months of 1977, then began to recover during 

March, April, ·Hay· and June ·of 1977 due to precipitation that occurred during 

that period. Ground.water·levels in the Platteville limestone are measured 

by Well 1 .and.ground water levels in the St. Peter formation are measured 

by Well ·14 .. The data from Well 1 indicate. that the piezometric level in the 

Platteville decreased approximately 3 feet between May 1976 and June 1977. 

Data from Well 14 indicate that piezometric levels in the St. Peter are 

from 12 to 18 feet below piezometric. levels in the middle drift aquifer . 

. Piezometric levels iri the St. Peter fluctuate as much as 1 to 2 feet per day 

due to.pumping from this formation. 

Ground water fluctuations in the lower glacial drift are illustrated 

by the hydrographs from Wells 15, 16, 17 and from the three piezometers, 

P-1, P-2, and P-3. The data from the short period that the wells and piezo­

meters in the lower drift were in place indicate that piezometric levels at 

the lower drift/bedrock contact follow the same general pattern as piezo­

metric levels in the middle drift. Levels at the base of the lower drift, 

however, are approximately . 5 to 1. 5 ·feet below levels in the middle drift 

in the well nests, indicating the potential for downward movement from the 

middle drift aquifer to the base of the lower drift. 

From the ~easured.fluctuations in piezometric levels, the piezometric 

gradients in the different stratigraphic units were mapped. These maps were 

used to determine the directions of lateral and vertical flow in these units 

and, along with the characteristics of the various drift units, they were 

also used to define the rates of ground water movement in the drift. 
'\ 

' 
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In the Phase I Report, the permeabilities of samples from the various 

drift units were reported. These permeabilities were based on applying 

Hazen's approximation to the grain-size distribution of samples collected 
I 

from the soil borings. In the latter phase of the investigation, the permea-

bilities of the'various drift units·were further investigated using samples 

from the early borings. However, soil samples from several stratigraphic 

units of interest had been used for analysis of residual hydrocarbons and 

were, therefore, not available. To provide the needed data, three additional 

soil borings were placed and the grain-size distributions of eight samples 

from those samples were determined. Permeabilities. were again estimated 

using Hazen's approximation and compared with the approximation methods of 

Freeze (1969) and Masch and Denny (1966). 

All permeability data for the various glacial drift units are listed 

in Table 3. The grain-size distributions show that the glacial outwash and ice 

contact deposits range from a fine sand to a coarse gravel. This variation 

represents a potential range in permeabilities of approximately four orders 

of magnitude. The grain-size distributions also show that the till units 

range from fine silty sand to sandy clays which represents a range of per­

meabilities of approximately three orders of magnitude. Thus, the range of 

permeabilities in the glacial soils is approximately seven orders of magni­

tude from permeabilities of approximately 10 em/sec for the coarse gravels 
-6 to permeabilities of 10 em/sec for the sandy clays. 

' 

The permeabilities used in the analyses of ground water movement through 

the glacial drift were selected from the permeabilities in Table 3. The 

assumed permeabilities for the till aquitard materials are: 

Till Material 

Silty Sand 

Clayey Sand 

Silt 

Lean Clay 

Permeability (em/sec) 

5 X 10-4 

1 X 10-4 

5 X 10-5 

1 X 10-6 

III-15 



Since the permeabilities of the aquitard units are an important factor 
I 

in vertical ground water movement, it was found convenient to define a term 

called "resistivity" as the thickness of the aquitard unit divided by the 

permeability. The -"total resistivity" is defined as the sum of the resisti­

vities of all·materials encountered in a vertical direction.through the 

aquitard unit. Total resistivities for the lower drift were computed at the 

location of fourteen monitoring wells and soil borings. 

at those fourteen locations was 

The mean value of 
6 5.3 x 10 sec with .the total .resistivities 

a standard ,deviation of 6 3.8 x 10 sec. Since the total resistivity of the 

lower-drift seems to-be reasonably uniform, it was assumed to be constant 
6 and equaL, to 5. 3 x 10 sec over the study area. 

Six grain-size distributions were used to estimate the permeability of 

the middle drift aquifer. Four of the distributions were from samples col­

lec.ted from, the western half of the study area. The four samples had a mean 
-2 -2 

permeability of 5. x 10 em/sec with a standard deviation of .6 x 10 em/sec. 

Two distributions were from samples collected in the eastern half of the study 

area~ both having a.permeability of 1 x_l0-2 em/sec. This permeability was 

used for the middle drift aquifer in the eastern half of the study area. At 

Piezometer.P-l.on the western edge of the study area, a representative sample 

.,from the middle drift aquifer had a permeability of 1 x 10-3 em/sec. There­
-3 fore, the permeability in the middle drift aquifer was assumed to be 1 x 10 

em/sec on the west, 5 x 10-2 em/sec in the vicinity of Wells 6 and 13 and then 
-2 decreasing to 1 x 10 em/sec east of these wells. 

The vertical leakage from the middle drift was defined by applying a 

water balance approach.to the middle drift aquifer. The rates of water 

movement into the middle drift laterally from the west were calculated using 

the piezometric gradients and permeabilities discussed above. A reasonable 

value for infiltration·to the middle drift through change in storage in the 

upper drift or infiltration to the upper drift was then assumed. These 

represent inputs to the middle drift aquifer in the study area. The lateral 

movement out of the middle drift was then calculated using the gradient and 

permeability data. This represents one of the two outflows from the middle 

drift. The second output, namely leakage through the lower drift into the 

Platteville, was then estimated by subtracting the outflow from the sum of 
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the inflows. The vertical leakage from the middle drift aquifer through 

the lower drift was checked by using the differences in piezometer levels 

from the nested-wells and the permeabilities of the lower drift. More 

detail-on the water_balance in the glacial drift is discussed in 

Section IV. 

Bedrock Ground Water Movement 

Ground water movement in the bedrock units from the subcrop .through the 

Mt. Simon-Hinckley were examined in this study; how.ever, emphasis was placed 

on defining movement through the Platteville, St. Peter and Prairie du Chien­

Jordan and on defining the interactions between the Platteville and St. Peter 

and between the St. Peter and the Prairie du Chien. Movement through the 

Mt. Simon-Hinckley and interactions between the Jordan and Mt. Simon were 

also evaluated . 

There are no published data regarding the vertical permeability of the 

Glenwood shale. Initially, it was anticipated that the vertical permeability 

of the Glenwood could be approximated by pumping tests in the study area. 

In fact, pumping tests were conducted at St. Louis Park's 29th Street and 

Idaho Avenue well field during the early data collection activities. In 

this pumping test, one City well finished in the St. Peter was pumped and a 

second St. Peter well was used as an observation well. As discussed in the 

Phase I Report, the data from this pumping test best matched the nonleaky 

artesian type curve, indicating that the St. Peter is not being substantially 

recharged by leakage from the Glenwood shale within the limits of accuracy 

of the test. It is estimated that vertical permeabilities greater than 

approximately 10-6 em/sec (3 x 10-3 ft/day) could have been reasonably 

detected with this test. The value of the storage coefficient obtained in 

the pumping test also indicated that the aquifer was confined. During the 

latter stages of the study, pumping test methods in the area·southeast of 

the site were evaluated as a means of estimating the vertical permeability 

of the Glenwood shale. It was eventually concluded that pumping tests would 

not yield data of sufficient accuracy to measure the permeability. The 

lowest permeability that could be measured in a pumping test is estimated 
-6 -7 

to be on the order of 10 em/sec to 10 em/sec due to background 
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fluctuations and other factors. With a differential of 18 feet between the 

St. Peter and the lower drift, permeabilities of this order of magnitude 

would have led to seepage rates on the order of 6 to . 6 ft/year. The water 

quality of the St. Peter, as measured by Well 14, indicates that seepage is 

likely not occurring at this rate. More complete information behind the 

decision not to use pumping tests is presented in Appendix E. 

For the purposes of the ground water investigations in this study, 

the vertical permeability through the Glenwood was estimated using three 

data sources. The first data source was the pumping test described in 

the Phase I Report. Although the leakage and resulting vertical perme­

ability through the overlying Glenwood shale cou~d not be quantitatively 

determined, due to the inherent limitations on pumping tests in this area, 

the test did indicate that permeability of the Glenwood shale was less 

than 10-6 em/sec. 

The second source of data was other information published on the per­

meability of shale. Shale itself is typically very impermeable with the 

actual permeability of a shale unit nearly always a function of fracturing, 

especially in thin shale strata such as the Glenwood. Freeze (1969) lists 

the permeabilities of various sedimentary units in south-central Saskatchewan 

including several shales. Their permeabilities ranged from 1.7 x 10-7 to 

5.7 x 10-lO em/sec (4.8 x 10-4 to 1.5 x 10-6 ft/day). Thus, it can be 

reasonably stated that shale is extremely impermeable unless it is fractured, 

in which case the permeability will increase substantially. A literature 

search was conducted to locate the available information regarding fracturing 

of the Glenwood. Norvitch (1973) describes the Glenwood as "bluish-gray to 

bluish-green; generally soft but becomes dolomitic and harder to the east." 

The water-bearing characteristics of the Glenwood are defined by Norvitch 

(1973) as "confining bed; locally some springs issue from the Glenwood­

Platteville contact along the river bluffs." Sunde (1974) reports that the 

Glenwood shale would normally be quite impermeable; however, it reflects in. 

many cases the fracturing of the overlying Platteville limestone. Informa­

tion from the Minnesota Geological Survey (Olsen, per com.) indicates that 

fractures in the Glenwood only reflect major fractures in the Platteville. 

Minor fractures in the Platteville have been observed to terminate before 

completely penetrating the Glenwood. 
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Along with the data collected during the pumping test at the 29th and 

Idaho well field, there is additional data to indicate that the Glenwood ~ ~ 

shale is quite ~mpermeable in the study area. Water samples from the c;~~\,'f"''i.O 
St. Peter well ~onstructed during this study exhibited either undetectable ~ 
or very low concentrations of phenolics below the heavily contaminated basal 

glacial drift area south of the site. The measured head differential between 

the basal drift and the St. Peter is 12 to 18 feet in this area. If the 

Glenwood shale was fractured, the permeability through these fractures would 

approximate unity and contamination would likely be detectable in the St. Peter 

well. It must also be remembered that fracturing in the Glenwood shale is 

not analogous to'fracturing in a more soluble material such as the overlying 

Platteville limestone. While the width and, therefore, the water-carrying 

capacity· of fractures in a limestone· material will logically tend to increase 

as flow occurs through the fractures, flow through fractures '.in a shale 

material will logically tend to decrease as clays and silt-size materials 

are carried through the fractures and pushed into the underlying St. Peter 

formation. For the purposes of this study, a permeability of 10-8 em/sec 

(3.x 10-5 ft/day)~was assumed. This is·considered to be the highest probable 

permeability for this formation. 

The vertical and lateral permeability of the Platteville is also 

unknown. Although its limestone matrix is quite permeable, the information is 

known to be eroded and weathered, with numerous horizontal and vertical 

joints and fractur~s that have become solution channels. Due to the 

unknown pattern of these solution channels in the study area, the Platteville 

was assumed to have an infinite vertical and lateral permeability for this 

study. 

The transmissivity (permeability multiplied by.aquifer thickness) of 

the St. Peter aquifer was determined by a pumping test at the St. Louis Park's 

29th Street and Idaho Avenue well field to be 25.0 cm2/sec (17,400 gal/day-
-3 foot). This represents a permeability of 5 x 10 em/sec (14ft/day) and 

is well within the range of permeabilities for the St. Peter formation 

given in Norvitch (1973). The vertical and horizontal permeabilities of the 

St. Peter were assumed equal. Porosity of the St. Peter was assumed to be 

30% based on data from the U.S. Corps of Engineers (1939). 

/ 
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As discussed previously in this section of the report, the Prairie 

du Chien-Jordan is separated from the St. Peter aquifer by siltstone and 

claystone strata at the base of the St. Peter. These are considered to be 

an. aquitard (Olsen, per. com.). The vertical permeability of this aquitard 

was estimated using data from a pumping test described in the Phase I 

Report. This test was conducted at St. Louis Park's 29th Street and Idaho 

Avenue well field. From this test, the vertical permeability was found to 

be 2 x 10-6 em/sec (0.006 ft/day). This value was initially used for the 

vertical permeability. This is one-fifth the value at the bottom_ of the 

range for vertical permeability of the St. Peter reported in Norvitch (1973); 

however, the range of values in this reference is for the aquifer portion 

of the St. Peter. 

Because there is no aquitard separating the Prairie du Chien and Jordan, 

these two formations 

meabilities differ. 

were considered to be one aquifer, although their per­
-2 An average permeability of 1.6 x 10 em/sec (50 ft/day) 

as given in Norvitch (1973) was used for the Prairie du Chien-Jordan aquifer 

in this study. The vertical permeability was assumed equal to th~ horizontal 

permeability. The porosity of the Jordan was assumed to be 20% based on 

data from the U. S. Geological Survey (Hult, per. com.). The porosity of 

the Prairie du Chien group is unknown and likely highly variable. For 

estimating purposes, a porosity of 20% was assumed for the entire Prairie 

du Chien-Jordan aquifer. 

The Jordan aquifer is separated from the Mt. Simon-Hinckley aquifer by 

the St. Lawrence, Franconia, Ironton-Galesville and Eau Claire units. In 

estimating the time for leakage to pass from the Jordan aquifer to the 

Mt. Simon, only the Eau Claire was considered due to the lack of data· 
-10 -7 for the other intermediate aquitards. A permeability 10 em/sec (3 x 10 

ft/day) was assumed for the Eau Claire (Norvitch, 1973). A thickness of 

87 feet and a porosity of 10% were also assumed. 

The Mt. Simon and Hinckley were considered to be 

their permeabilities differ. An average permeability 

one aquifer, although 
-3 of 3. 5 x 10 cm/s ec 

(10 ft/day) as given by Norvitch (1973) was assumed for the Mt. Simon-Hinckley 

aquifer and the porosity of the combined aquifer was estimated to be 10%. 
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The hydrogeology of the bedrock system in the study area is complex. 

The complexity is caused by a number of factors including: 

a. the large number of pumping wells in the area. Many of 

these wells are uncased through more than one aquifer and, 

therefore, draw water from multiple aquifers when pumping. 

Since many of these wells are pumped only on a seasonal 

(winter/summer) basis, the potential exists for changing 

conditions on a seasonal basis. In addition, use of many 

of the industrial and municipal wells, especially those 

finished in the upper bedrock aquifers, are being phased 

' out. Thus, the potential also exists for changing condi-
0 

tions over the period of time studied in this report. 

b. the wells in the area that are uncased through various 

formations. When not in use, these wells provide pathways 

for the movement of water from an aquifer of higher piezo­

metric level to aquifers of lower piezometric levels . 

These levels include wells that are no longer being used 

and wells that are only periodically pumped. Undoubtedly 

there are wells of this type that are unrecorded. 

c. the bedrock valleys that cut through the area. 

To collect as much data as possible on the factors that effect ground 

water movement, a field survey was carried out to locate existing industrial, 

municipal and private residential wells. The area of major emphasis was 

south and southeast of the site due to the elevated phenolic concentrations 

found in the glacial drift in this area. The review of existing well logs 

by Sunde (1974) was used as a starting point in the field survey. Field 

interviews were carried out with industrial representatives and private 

residents in the area of interest.' The locations of the wells that were 

located in the field survey are illustrated on Figure 10. 

The following wells identified by Sunde (1974) in his survey of well 

logs could not be located in the field survey. The alpha-numeric designations 

are the same as used by Sunde (1974) . 
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a. Milwaukee Railroad - (no designation in Sunde) Mt. Simon­

Hinckley well cased to the first bedrock contact. 

b. 3612 Alabama- (B-14) St. Peter well cased to first bed-

rock contact. 

c. Strom Block Company - (B-11) St. Peter cased to the first 

bedrock contact and (A-25) Jordan well cased into the 

siltstone stratum at the base of the St. Peter sandstone·. 

d. Blacktop Service Company - (A-21) Prairie du Chien-Jordan 

well cased into the siltstone stratum of the St. Peter. 

Sunde (1974) indicates this well may be sealed. 

Wells not identified by Sunde (1974) in his survey of available well 

logs that were located during the field survey for this report include: 

a. Mill City Plywood Company - Representatives of Mill City 

Plywood indicated there is a well approximately 60 feet 

deep on their property. The well water smelled of coal­

tar and the well was never used. Sixty feet of depth 

puts the well screen in the lower glacial drift. 

The well head is visible, but the pump is no longer in 

place. 

b. Lakeland Door Company - The well is reportedly 90 feet 

deep and is finished in the Platteville. The well has 

not been used for the last 15 to 20 years. A log for this 

well was obtained from the well driller and one is also 

available from the Minnesota Geological Survey. Represen­

tatives of the Lakeland Door Company cannot recall a coal-
' tar odor from this well. 
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c. Ace Manufacturing Company - 3825 Edgewood Avenue - The 

owner of Ace Manufacturing Company indicated that there 

is a well on the property, although it has not been used 

for a number of years. The well head is visible, although 

the pump has been removed. No log is available for this 

well. 

d. Hartman Well - A well is located at the Hartman residence 

at . The well has a pitcher pump and. 

was sampled for this study. The owner recalls that the 

well is approximately 160 feet deep. It has not been 

used for about 10 years. The resident could not remember 

ever detecting a coal-tar smell or taste in the well 

water . 

e. Methodist Hospital - This well is finished into the 

St. Lawrence formation. The well log indicates 270 feet 

of casing with glacial drift to 94 feet, St. Peter 

sandstone to 257 feet, Shakopee limestone to 377 feet, 

Jordan sandstone to 466 feet, and approximately 20 feet 

of open hole into the St. Lawrence formation. 

Other wells in the area for which logs were located that had not been 

reported previously include: 

a. Rogers - 7401 Walker Street - This is a 4-inch diameter 

160-foot deep well placed into the St. Peter sandstone. 

A well log is available for this well from the Minnesota 

Geological Survey. The well is cased to the Platteville 

and the open hole extends 2 feet into the St. ·Peter . 

b. Lakeland Door Company - According to a well log available 

from the Minnesota Geological Survey, a second Platteville 

well is located at the Lakeland Door Company. This well 

is shown to be 85 feet deep. 
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c. Terry Excavating - 3326 Republic Avenue - According to a 

local well driller, there is a 112-foot deep, 4-inch 

diameter well located along Republic Avenue immediately 

east of the site. The well log shows 80 feet of drift, 

20 feet of Platteville and 12 feet of St. Peter. The well 

is cased to the first bedrock contact and, thus, represents 

a pathway for movement between the Platteville and the 

St. Peter. 

d. Old City Well No. 1- This well is located.at 6021 West 

36th Street and was drilled in 1932. The well extends 

into the St. Lawrence shale and is cased into the top 

60 feet of the Shakopee limestone. The well reportedly 

was abandoned after placement because of a coal-tar 

taste to water from the well. 

Due to the complexity of the bedrock. hydrogeology brought about by the 

buried valleys and uncased wells, rather rigorous mathematical or analog 

tools are required to adequately predict piezometric levels in the various 

bedrock aquifers under existing or assumed future conditions. Fortunately, 

the development of the mathematical model necessary to predict ground water 

gradients in a multi-level leaky aquifer system such as exists beneath the 

study area was proceeding by Heitzman and Strack (Heitzman, unpublished M.S. 

thesis) at the University of Minnesota's Department of Civil and Mineral 

Engineering concurrently with the investigations discussed in this report. 

The methodologies developed by Heitzman and Strack model a three-dimensional 

multi-aquifer system composed of three confined aquifers, each overlain by a 

leaky aquitard with the lowest aquifer underlain by an impermeable base. 

The model assumes that each hydrologic unit is of constant thickness and 

that the pressure above the uppermost aquitard is constant and equal to the 

pressure in all aquifers at an infinite distance from the modeled area. 

There is provision for both point and line sources and sinks which can be 

identified either by a pumping rate or by a piezometric level. Point sources 

and sinks may be uncased or cased through any combination of the three 

aquifers. The piezometric level at desired locations in all three aquifers 

are determined by applying standard leaky aquifer ground water equations 
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and continuity to the multi~·level aquifer system. The method has been com­

puterized to handle the complexities of the hydrogeologic systems in 

the study area and to obtain the piezometric levels at any lateral 

or vertical point in the system. 

The boundary conditions for the model were identified where the piezo­

metric levels and wells .are known with some certainty. The piezometric 

boundaries were based on the piezometric inf0rmation in Norvitch (1973) and 

the geologic information in Hogberg (1970) and Payne (1965). Norvitch (1973) 

found that the piezometric levels for the Prairie du Chien-Jordan aquifer in 

the study area vicinity changed uniformly and dropped 7 feet from winter, 

1965 to winter, 1970. It was, therefore, assumed for this study that histor­

ical and future changes in pressure distribution would also be uniform and 

that the pressure differences between the St. Peter and Prairie du Chien­

Jordan aquifers would remain approximately the same as they are now . 

The piezometric boundary conditions were simulated by means of line and 

point sources and sinks. Their location and associated piezometric levels are 

summarized in Figure 11. Without the influence of wells in the study area 

vicinity, the direction of flow in both the St. Peter and Prairie du Chien­

Jordan aquifers is generally to the east. This was found to be satisfacto­

rily modeled usi~g the eastern and western boundary con~itions shown in 

Figure 11. 

The western piezometric boundary used for the Prairie du Chien-Jordan 

aquifer is a line of recharge underlying Grays Bay of Lake Minnetonka. 

Norvitch (1973) shows this to be a stable feature with a constant piezometric 

level throughout the year. The Prairie du Chien-Jordan in this area under­

.lies a possible buried bedrock valley that cuts into the St. Peter, as shown 

by Hogberg (1970). The piezometric level in the Prairie du Chien-Jordan along 

this line was assumed at Elevation 912. The eastern piezometric boundary 

condition is located at approximately the western boundary of the buried bedrock 

valley near the Minneapolis city limits. Norvitch (1973) shows that the 

piezometric level along this boundary to be approximately at Elevation 825 

in the winter and at Elevation 800 in the summer. These were the piezometric 

levels used for the boundary conditions in the winter and summer cases studied. 
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The western piezometric boundary condition for the St.Peter aquifer is 

the Elevation 900 piezometric contour shown in Norvitch (1973). This value 

was used for both the winter and summer cases since the overlying recharge 

zone and underlying Prairie du Chien-Jordan aquifer have quite constant 

piezometric levels throughout the year. The location of the eastern piezo­

metric boundary for the St. Peter is the same as the location of the eastern 

boundary for the Prairie du Chien-Jordan since this is approximately where 

the overlying bedrock confining layer ends and where the St. Peter begins to 

be eroded, The winter piezometric level in the St. Peter at this.eastern 

boundary is shown to be at Elevation 825 by Norvitch (1973). This is the 

same as the winter piezometric level in the Prairie du Chien-Jordan, indicating 

that the piezometric levels in the St. Peter is a major factor in determining 

piezometric levels in the Prairie du Chien-Jordan. Since the Prairie du 

Chien-Jordan is more heavily pumped in the summer than is the St. Peter, the 

summer piezometric level at the eastern boundary was assumed at Elevation 

810, 10 feet higher than in the Prairie du Chien-Jordan. 

The uppermost aquifer used in the model was the lower drift/Platteville. 

Initially, conditions were assumed for this aquifer, but it was found that 

the ~hanges in the piezometric levels in the lower drift did not influence 

piezometric levels in the underlying aquifers to any noticeable degree 

because of the impermeability of the Glenwood aquitard. The piezometric 

level in the drift aquifer and the piezometric level at infinity were 

assumed to be at Elevation 890 which represents an average piezometric level 

in the lower drift in the study area vicinity. 

The distribution of piezometric pressure in the bedrock aquifers is 

affected by pumping from municipal and industrial wells between the western 

and eastern boundary conditions. An investigation was conducted to locate 

wells that would affect ·piezometric levels in the large area between the 

boundary conditions. These wells are shown in Figure 11. Some wells in 

this area are pumped at about the same rate on a year-round basis. 

Others, however, are pumped only in the summer for air conditioning 

purposes or have increased pumping rates at that time. Different summer 

and winter pumping rates were used for these wells in the computation of 

summer and winter piezometric levels. 
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Wells in the area are generally not pumped continuously. Typically, 

the wells are pumped for a portion of the day, but are idle for the remain­

ing portion. Therefore, for modeling purposes, the pumping rate of each 

well was defined by dividing the total monthly volume of water pumped by the 

number of minutes in a month to obtain an average monthly pumping rate. 

Since the time scale for the model is on the order of months or even seasons, 

this averaging of. pumping rates was considered satisfactory to obtain a 

picture of piezometric gradients. 

Three wells in the LIIIIllediate study area are known to be no longer used 

and are uncased through several important aquifers. These are the Mt. Simon­

Hinckley well on the site, the Terry Excavating well and the Midco Register 

.well. Each of these wells, therefore, was assumed to act as .. a recharge 

well. The Hinckley well on the site penetrates several uncased aquifers, 

each with differ~nt heads, permitting flow between the Prairie du Chien­

Jordan and the Mt. Simon-Hinckley aquifers; The Terry Excavating and Midco 

Register wells are open a significant distance into the St. Peter, but cased 

only to the Platteville, thus permitting leakage from the lower drift/ 

Platteville into the St. Peter. 

Several existing wells in the area were not included as boundary condi­

tions in the model. These were: 

a) St. Peter Well on the Site - The log for this well from 

the Hinnesota Geological Survey indicates it is 91 

feet deep. According to the log, this is the bottom of 

the Platteville and the top at the St. Peter. Since the 

Glenwood is not included in the log, it is unclear whether 

the well is finished to. the top of the Glenwood or to the 

top of the St. Peter. The static water level at the time 

of the well drilling was 6 feet below grade or approxi­

mately at Elevation 884. This is comparable to the 

piezometric level in the lower glacial drift or Platteville. 

Since the St. Peter has a piezometric level approximately 

10 to 18 feet below that in the Platteville, it would be 

reasonable that if the well extended through the Glenwood, 
"':";-~ v, 
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the static water level in the well would be lower than 6 

feet below the ground surface. Also, the log indicates that 

the well does not penetrate into the St. Peter, so very little 

area is available for recharge. It was, therefore, concluded 

that this well does not represent a potential recharge well. 

b) Railroad Mt. Simon-Hinckley Well - The railroad Mt. Simon­

Hinckley well is reportedly cased only to the Platteville. 

If this is the case, this well would produce flow between 

the St. Peter and Ht. Simon-Hinckley and between the 

Prairie du Chien-Jordan and Mt. Simon-Hinckley. This well 

was not used for two reasons. First, it would seem unlikely 

that the railroad would place a Mt. Simon-Hinckley well 

cased only through the drift. Second, if the well was 

drilled to the Mt. Simon-Hinckley but left open through 

the St. Peter, the erodible portion of the upper St. 

Peter would be carried down the well effectively plugging 

it. 

c) Strom Block Company Well, 6425 Goodrich Avenue - According 

to the log obtained from the Minnesota Geological Survey, 

this well is cased to within 19 feet of the base of the 

St. Peter, then open-hole through the bott_om 19 feet of the 

St. Peter to the base of the Jordan. The bottom 55 feet 

of the St. Peter is assumed to be the·claystone and silt­

stone confining layer and it was, therefore, assumed 

that any recharge from the-St.··Peter to the _Prai:rie .du 
/ . 

~Chien-Jordan would be negligible. Since the well is not 

pumped, it was left out of the model. This same assump­

tion was applied to the Blacktop well identified by Sunde 

(1974). This well is also cased into the basal aquitard 

of the St. Peter. 

d) Rogers, 7401 Walker Street - The available log for this 

well indicates it is cased to the top of the Platteville, 

but only extends into the St. Peter a distance of 2 feet. 
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While a small amount of recharge could move from the lower 

drift/Platteville to the· St. Peter, the very small pene­

tration would seem to greatly limit the recharge and it 

was neglected. in the model. 

The multiple leaky aquifer model of Heitzman and Strack and the above 

boundary conditions were used to predict the distribution of piezometric 

levels in the St. Peter and Prairie du Chien-Jordan aquifers during winter 

and summer conditions. The piezometric gradients and the permeabilities 

were then used to predict flow rates and travel times in the St. Peter and 

Prairie du Chien-Jordan. The assumed vertical permeabilities of the 

Glenwood and basal St. Peter siltstone, along with the piezometric levels 

from the model·, were used to estimate the vertical rates of leakage through 

these two aquitards. In addition, available data was used to generally 

predict ground water movement in the Mt. Simon-Hinckley and leakage to the 

Mt. Simon from the overlying Jordan aquifer. 

GROUND WATER QUALITY INVESTIGATIONS 

As discussed previously, one of the primary objectives of this soil··and 

ground water investigation was to define the extent to which the wastes dis­

charged. from the coal-tar distillation and wood-preserving facility had 

affected the surficial and bedrock ground water quality. This objective 

took on additional significance as the soils data were evaluated and it 

became evident that high concentrations of coal-tar derivatives were present in 

the soils, especially on the southern portion of the site and in the wetland 

areas south of the site . 

Prior to the data collected in this study, available data on ground 

water quality in the study area were collected entirely from the municipal 

and industrial bedrock wells that exist in the area. Virtually no data were 

available on the.quality of ground water in the glacial drift in the study 

area. Previous investigations had indicated that water from an industrial 

well. southeast of the site was contaminated with phenolic compounds and that 

most! of the bedrock wells in the area periodically exhibited very low, but 

detectable, concentrations of phenolics. 
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Monitoring Wells 

The locations of the various wells that were sampled as a part of this 

investigation are summarized in Figure 12. The symbol used to designate the 

well location denotes the formation into which the well terminates. The 

characteristics of the various wells that were sampled are summarized in 

Tables 2 and 4. 

The wells shown on Figure 12 include the sixteen wells that were put in for 

this investigation, severi industrial wells that are used to varying degrees, 

three municipal wells that are part of the municipal water supply system for 

St. Louis Park and one residential well that is not being used. 

The depths and other characteristics of the sixteen wells placed for 

this study are discussed in the subsection on ground water movement investi­

gations and on Table 2. Most of these wells were located in the area south­

east of the site to better define the area of elevated phenolic concentration 

originally identified earlier in the study. Well 1 is in the Platteville 

limestone. Wells 2, 3, 5, 6 and 7 through 12 are screened in the middle 

drift aquifer. The screen for Well 13 was placed 50 feet below the ground 

surface at the location of Soil· Boring 9. The soil was visibly saturated 

with creosote-like material and elevated polynuclear hydrocarbon concentra­

tions were measured at this depth. Screens for Wells 15, 16 and 17 were 

placed in the lower drift, typically just above bedrock. Well 14 was 

placed into the St. Peter sandstone. This well was double-cased through 

the glacial drift, Platteville, Glenwood and into the St. Peter. It was 

used as a sampling point to define the quality of water in the St. Peter 

formation beneath an area of known high phenolic concentration in the 

glacial drift. 

Ground water samples were periodically collected from wells shown in 

Figure 12. More samples were collected from the wells south and southeast 

of the site where elevated concentrations of phenolics were identified than 

from the wells showing undetectable or trace concentrations. In addition 

to the sixteen wells placed for the study, samples were collected from the 

following industrial, residential and municipal wells described in Table 4. 
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Flame Industries 
Midco Register (formerly Robinson Rubber Company) 
St. Louis Park Wells 1, 3 and 10 at the 29th Street and 

Idaho Avenue well field 
Sterilized Diaper Service 
Minnesota Rubber Company 
Burdick Grain 
S & K Products (two wells) 
Methodist Hospital 
Hartman Residence 

Ground Water Quality Data 

Ground water samples were typically analyzed for phenolics which were 

used as a tracer for the soluble fraction of the coal-tar waste. In addition, 

selected samples were analyzed for biochemical oxygen demand, chemical 

oxygen demand, total dissolved solids, pH, copper, zinc, cadmium, lead, 

arsenic, total organic carbon, specific conductance, total alkalinity, total 

hardness, freon extractable material and benzene extractable material. 

Samples collected on the project were routinely analyzed by SERGO 

Laboratories. In addition, one set of samples was split with the Minnesota 

Department of Health to form a basis for comparison between the two different 

analytical procedures that were used to analyze samples for phenolics during 

this study. In addition, two sets of samples were sent to the U. S. 

Environmental Protection Agency's Central Research Laboratory in Chicago, 

Illinois, for gas chromatography/mass spectroscopy analysis. Of particular 

interest in the EPA's analyses were measurement of polynuclear aromatic 

hydrocarbons* and hydroxolated aromatic hydrocarbons • 

The ground water quality data collected for this study are summarized 

by station and by parameter in Tables 5 through 7. The data were used to 

develop the general picture of ground water quality in the study area pre­

sented in Section IV of this report. Each well was typically pumped from 15 

to 20 minutes prior to sampling to help establish equilibrium conditions 

before the sample was collected.· 

*Polynuclear aromatic hydrocarbons referred to by the EPA laboratory are the 
same class of compounds referred to as polynuclear organic materials by 
Midwest Research Institute in their analyses of soil samples. 
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The analytical procedures and detection limits used by SERCO 

Laboratories are summarized in Appendix C. The phenolic analyses by the 

Minnesota Department of Health were carried out using a different method 

than the analyses by SERCO Laboratories. A review of the differences 

between the two analytical procedures may explain the differences in the 

phenolic concentrations in the samples split between these two laboratories. 

SERCO Laboratories uses the 4-aminiantipyrine colormetric method as 

described in the Fourteenth Edition of Standard Methods. The Minnesota 

Department of Health uses the manual 3-methyl-2-benzothiazolininone (MBTH) 

colormetric procedure. This method was adopted for use by the Department 

of Health .from work by Frestad (1969). Both the MBTH and 4-aminoantipyrine 

methods are colormetric procedures for measuring phenolic concentrations 

after preliminary distillation. Both reactants form a colored complex with 

phenolic compounds which is then measured on a spectrophotometer. The basic 

difference between the two methods is the broader range of phenolic compounds 

measured by the MBTH Method. This method, for example, is believed to measure 

the para-substituted phenolics. In contrast, the 4-aminoantipyrine procedure 

does not detect these compounds. Discussions with representatives of the 

Minnesota Department of Health have indicated that the MBTH Method was adopted 

for use in studies of the St. Louis Park water supply because of its ability 

to better quantify parameters associated with coal-tar waste. It is not 

used routinely, however, by commercial laboratories and is not used by SERCO 

Laboratories. 

""~'-f .?!<:.6-~ 
~ ~ov In reviewing the split sample data, the differences indicate that the 

~~~ ~ MBTH Method is likely detecting more compounds than the 4-aminoantipyrine 

procedure. This was substantiated by additional analyses carried out by 

the Minnesota Department of Health. The Minnesota Department of Health 

laboratory randomly selected three of the previously analyzed samples and 

reran them using both the MBTH and the 4-aminoantipyrine methods. This data 

verified that lower values were detected using the 4-aminoantipyrine method. 

The analytical procedures used by the Environmental Protection Agency 

as well as the data from the analyses of samples provided to them, are con­

tained in their laboratory reports included in Appendix D to this report. 
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Two sets of ground water samples from the study area wen/ transmitted 

I / / I 
to the U. S, Environmental Protection Agency's Central/Research Laboratory 

in Chicago, Illinois. The f{rst~et of~amples was ~llected in 
I I ! I 

February, 1977 from.Wells 9, 13 and 14, and the Flame Industries' well. 

Analysis involved extraction of the sample three times, each time with 

60 milliliters of 15% methylene chlorine/hexane solution. The extracts 

were then combined and concentrated to approximately 1 milliliter. 

Appropriate amounts of the concentrated extract were injected into a gas 

chromatograph. The results of the February analysis indicated that the 

samples from Well 14 and from the Flame Industries'. well contained no 

detectable organics with a detection limit of 10 to 50 parts per billion . 

The sample from Well 9 contained organic material at a concentration of 

approximately 4 grams of oil per liter of water. The sample from Well 13 

was found to contain a complex mixture of hydrocarbons. The extract from 

this sample was further analyzed using mass s'pectroscopy. This analysis 

revealed that over 50% of the sample extract consisted of polynuclear 

aromatic hydrocarbons. The following polynuclear aromatic hydrocarbons 

were identified . 

naphthalene* 
pyrene* 
anthracene or phenanthrene* 
fluoranthrene* 
methylnaphthalene 

• 

acenaphthene 
dibenzofuran 
fluorine 
benzophenanthene 
benzofluoranthene 

*These compounds were present in higher 
concentrations relative to others. 

A second set of samples was collected in late May, 1977 from Wells 9, 

13, 14, 17, City Well 3 and the Flame Industries' well. These samples were 

also extracted and the extracts analyzed by gas chromatography. Total 

extractable organics were detected in Well.l4, the Flame Industries' well 

and in ·City Well 3 at a concentration of .OS milligrams per liter; however, 

no polynuclear aromatic hydrocarbons were detected at a detection limit of 

.03 milligrams per li~er in these wells. The concentrations of total extract­

able organics and polynuclear aromatic hydrocarbons in the sample from Well 13 

were both found to be 3,400 milligrams per liter. The concentration of 

total extractable organics in the sample from Well 9 was found to be 2.5 
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milligrams per liter; however, the concentration of polynuclear aromatic 

hydrocarbons in the water sample was found to be undetectable at a detection 

limit of .1 milligrams per liter. The concentrations of total extractable 

organics and polynuclear aromatic hydrocarbons in Well 17 were both measured 

at 1.7 milligrams per liter. The polynuclear aromatic hydrocarbons 

naphthalene, methylnaphthalene, acenaphthene, dibenzofuran, phenanthrene 

or anthrancene, fluoranthene and pyrene weTe identified in the sample from 

Well 13. 

Investigation of Mt. Simon-Hinckley Well on Site 

As part of the water quality investigation, the existing Mt. Simon­

Hinckley well on the site was investigated. To investigate the well, the 

well head was first removed and the pipe and pump bowls were pulled from 

the we~l. Noticeable coal-tar material was present on the pipe below the 

water level at a depth approximately 40 feet below the well head. The 

coal-tar material became thicker with depth and the screen and bowls of 

the pump were clogged with coal-tar. The well was pumped at approximately 

100 gallons per minute with a portable pump for approximately 100 minutes. 

Water samples were taken at intervals of 1 minute, 15 minutes, 30 minutes 

and 100 minutes, and phenolic concentrations were measured in these 

samples.· After 1 minute of pumping the phenolic concentration was .020 mg/1, 

after 15 minutes the concentration was .011 mg/1, after 30 minutes the con­

centration was .008 mg/1, and after 100 minutes the concentration was .005 

mg/1. Thus, the concentration of phenolics decreased with pumping time. 

An area well driller indicated that the turbine pump in the well 

periodically became "gummed up" with creosote-like material during the early 

1950's. Rumor has it that a spill occurred in the area and that coal-tar 

material traveled down the well. The company reportedly pumped steam into 

the well to loosen the material. This technique apparently was successful, 

but had to be carried out from time to time to keep the well usable. The 

coal tar on the draw pipe would seem to substantiate that coal-tar material 

did go down the well. 
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Also according to a well driller, a packer was placed in the well in 

the early 1950's. The packer consists of a rubber ring that fits tight 

inside the 8-inch casing. A 4-1/2 inch diameter pipe extends to the Jordan. 

According to the well contractor that installed the packer, it was intended 

to circumvent the "contaminated" portion of the aquifer and supply the 

company with clean water, but did not work. The casing schedule and the 

depth of the well, and vertical movement of water between the aquifers 

could not be measured during the investigation. The packer effectively 

blocks off the well at depths below about 260 feet . 

The available data indicate that the well was constructed in 1908 and 

is approximately 950 feet deep. It is inferred that the total casing extends 

approximately 260 feet deep through the St. Peter sandstone. A 12-inch 

casing likely extends from the surface 73 feet through the glacial drift, 

a 10-inch casing likely extends from the surface 93 feet through the 

Platteville limestone and an 8-inch casing extends from the surface 260 feet 

through the St. Peter • 

Ground Water Chlorination Experiments 

To examine the potential effect of chlorinating very dilute coal-tar 

wastes, a water sample from Well 17 was oxidized with 3.58 mg/1 of 

sodium hypochlorite. The dosage was selected to coincide with dosages 

used by St. Louis Park in chlorination of its water, which is treated 

with 25 to 32 pounds of chlorine gas per million gallons of water 

(Tolefsrud, per. com.). A contact period of 1 hour was used to guarantee 

that chlorination reactions could go to completion. Gas chromatographic 

analyses were made of extracts of both chlorinated and unchlorinated 

samples to check for the removal of -phenolics and for the possible creation 

of chlorinated organics . 

Analytical instruments used in the analyses included chromatographic 

columns with flame ionization and electron capture detectors. Flame 

ionization is one of the two methods commonly used for gas chromatography 

identification of volatile organic compounds. Electron capture is commonly 
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used for analysis of pesticides, but not for identifying phenolic compounds. 

Chromatographic results were interpreted by comparison with known column 

residence times for fifteen phenolics and chlorinated compounds listed in 

the following table. 

COMPOUNDS WHICH COULD HAVE BEEN IDENTIFIED 
WITH THE FLAME IONIZATION DETECTOR* 

Dichoromethane 

l,l~Dichloroethane 

Chloroform 

1,2-Dichloroethane 

1,1,1-Trichlorethane 

Carbon Tetrachloride 

Trichloroethylene 

1,1,2-Trichlorothane 

Perchloroethylene 

1,1,1,2-Tetrachloroethane 

1,1,2,2-Tetrachloroethane 

Phenol 

o - creosol 

m - creosol 

£ - creosol 

*Identification of phenolic compounds based on standards 
developed in the laboratory. Identification of chlor­
inated hydrocarbons was based on calibration information 
supplied with the chromatographic equipment. 

Analyses indicated a reduction in the concentration of phenolics due to 

chlorination. Sample peaks could not be found at the location corresponding 

to the three creosols and the eleven chlorinated hydrocarbons listed in the 

above table, even at the most sensitive detection limits, indicating that 

these compounds were not present. A number of small unidentified peaks 

in the chromatograph, however, were observed but could not be identified 

with standards available in the laboratory. These may represent background 

noise or organic compounds. The possibility remains that chlorinated 

organics, ·such as chlorophenols, are being produced since the chromatographic 

column used with the flame ionization detector precluded the analysis of 

chlorophenols. 

The questio3 of the fate of the added chlorine is unresolved. Absence 

of detectable chloroform indicates that the haloform reaction for the 

formation of chlorinated organic compounds (Morris, 1975) did not go to 
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completion. However, the existing data do not preclude the existence of a 

wide variety of chlorinated hydrocarbons which could have been formed. A 

series of additional tests, using mass spectroscopy, for example, will be 

necessary to identify more of the compounds that are present. 
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SECTION IV 

EXISTING GROUND WATER CONDITIONS 

The purpose of this section of the report is to incorporate the results 

of the various investigations discussed in Section III into a definition of 

existing ground water movement and quality in the study area. This section 

has been divided into two subsections; one defining ground water conditions 

in the glacial drift and the second defining ground water conditions in the 

bedrock aquifers. Since the Platteville limestone .formation was found to 

be a major factor controlling ground water movement through the glacial 

drift, the definition of ground water movement through this formation is 

included in the discussion of the glacial drift. Ground water movement 

through the St. Peter, Prairie du Chien-Jordan and Mt. Simon-Hinckley aqui­

fers and the interactions between these aquifers are defined in the subsec­

tion on bedrock ground water conditions. 

In general, data collected in this study, along with other available 

data, fit together well to conceptually describe the general ground water 

conditions in the drift and bedrock aquifers. As with most ground water 

studies, additional data would be desirable to more quantitatively define 

ground water conditions, especially conditions relating to the quantity and 

quality of ground water moving through the area. The existing data base is 

sufficient to locate the major area of ground water contamination and to 

describe the direction of ground water movement from the contaminated area 

through the drift and bedrock. Additional data, however, would be helpful 

to better quantify the~ of movement from the contaminated area as well 

as the quality of water in the bedrock aquifers. 

EXISTING GLACIAL DRIFT CONDITIONS 

As described in Section III, the glacial drift in the study area is 

made up of the following strata: 

a. the upper drift comprised of peat and outwash, 
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b. the middle drift aquifer comprised of outwash anrl ice­

contact deposits, 

c. a till layer separating the upper drift and the middle 

drift aquifers, and 

d. the lower drift which varies in permeability and overlies 

the Platteville limestone. 

Ground Water Movement 

Ground water movement through the drift was modeled using a water bal­

ance approach. The available data was used to prepare two interpretations 

of ground water movement through the drift. The two interpretations are 

similar in concept and represent two examples that likely bracket the 

actual ground water movement through the drift. Since the two interpre­

tations are conceptually similar, one will be discussed in detail and the 

second will be discussed more qualitatively. 

Due to the location of the monitoring wells in the eastern portion of 

the study area, the exact configuration of the piezometric contours in the 

middle drift aquifer could not be determined. From general information about 

the water table in the area, however, it is evident that the area immediately 

east of the site is a potential recharge area to the middle drift aquifer. 

The interpretation of ground water movement through the middle drift aquifer 

that will be discussed in detail assumes that the middle drift aquifer in 

this area is relatively impermeable and blocks flow through the middle drift 

in this area. Under this interpretation, the piezometric contours are_ 

essentially straight and parallel in the eastern portion of the area covered 

by the network of,monitoring wells. 

The various elements in the water balance are shown schematically on 

the following page. 
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SCHEMATIC OF GROUND WATER MOVEMENT 

Middle Drift 
Aquifer 
-oom 

Under both interpretations, lateral inflow to the study area and out­

flow from the study area through the upper drift (Q. and Q , respectively) 
l.U OU 

were assumed to be negligible in comparison to the vertical seepage from the 

upper drift to the middle drift aquifer (S ). This assumption was based 
urn 

on the fact that the till stratum separating the upper drift and middle 

drift aquifer rises nearly to the surface immediately east and west of the 

peat deposit that runs north-south through the study area. This effectively 

cuts off or greatly reduces lateral flow through the upper drift. 

The piezometric levels in the middle drift aquifer during the study 

period were determined from the water levels recorded in Wells 2 through 13. 

These well hydrographs, included in Appendix B to this report, show that 

the piezometric levels in the middle drift aquifer generally dropped from 

March, 1976 through February, 1977. During this time, however, the general 

piezometric. gradients across the study area were quite constant, indicating 

quite constant discharge through the middle drift aquifer. Under the first 

interpretation, representative piezometric levels in the middle drift 

aquifer for the 1976 winter period are shown in Figure 13. As shown by these 

piezometric contours, flow in the middle drift aquifer underlying the 

southern portion of the site is southeasterly. South of the site, in the 

area known to be more highly contaminated with coal-tar waste, the flow in 
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the middle drift aquifer is generally eastward toward the buried bedrock 

valley. The exact direction and rate of movement through the middle drift 

aquifer through the area is not quantifiable and is, therefore, bracketed by 

the two interpretations.· Flow through the middle drift aquifer beneath the 

northern portion of the site could not be determined with as much accuracy 

as flow in the other areas due to the loss of Well 3. Flow in the middle 

drift aquifer beneath the northern portion of the site, however, is hypothe­

sized to be southerly or southeasterly. 

The average rates of horizontal inflow and outflow through the middle 

drift aquifer (Q. and Q , respectively) were computed for the winter 
~m om 

period. The computation was based on the aquifer cross-section shown in 

Figure 2, the permeabilities for the middle drift aquifer discussed in 

Section III and the average piezometric gradients measured during the winter 

period shown in Figure 13. During the winter period, the average rate 

of inflow (Q. ) across piezometric contour A between the stream lines shown 
~m 

in Figure 13 was estimated to be 4,600 cfd (24 gpm) or 2.9 cfd per foot of 

width along piezometric contour A. The average rate of outflow (Q ) 
om 

between these. two stream lines across piezometric contour B was estimated to 

be 2,600 cfd (14 gpm) or 2.5 cfd per foot during this same period. Thus, 

the inflow is of the same order of magnitude as the outflow with about one­

half the inflow lost in leakage from the middle drift aquifer. 

Figure 14 shows the piezometric levels across the study area on June 15, 

1977. This information is presented because piezometric conditions were 

significantly different from those during the earlier portion of the study 

period. Also, there is additional information about the distribution in 

piezometric levels at the base of the lower drift on this date. Ground 

water levels rose in most observation wells during April and May, 1977 due 

to the precipitation that had been below normal during the previous portion 

of the study period. 

The June ··piezometric gradient across the site is slightly greater than 

that measured during the winter. This is, in part, due to recharge. There 

is also evidence of an unknown pumping center drawing from the middle drift 

aquifer east of Well 12. Evidence of this pumping center is the significant 
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decrease in piezometric level in the middle drift aquifer as measured at 

Well 12 and a corresponding decrease in piezometric level in the lower drift 

as measured by Piezometer P-2. However, it does not appear that the distri­

bution in piezometric levels west of Well 11 was significantly affected by 

this pumping center, at least as of June 15, 1977. 

The rate of inflow across piezometric contour C, between the two stream 

lines shown in Figure 14, was estimated to be 8,200 cfd (43 gpm) or 3.2 cfd 

per foot on June 15, 1977. The outflow across piezometric contour.D, 

between the two stream lines, was found to be 4,100 cfs (21 gpm) or 2.7 cfd 

per foot. Again, it can be seen that the inflow and outflow are the same 

order of magnitude with approximately one-half the inflow lost to leakage 

to the lower drift . 

Figure 14 also illustrates the piezometric levels at the base of the 

lower drift at the various monitoring wells and piezometers on June 15, 1977. 

Since these wells and piezometers are at the drift/bedrock contact, these 

data are representative of piezometric levels at the contact. Piezometric 

level contours have not been drawn for the contact because of the sparse 

data. However, levels at the drift/bedrock contact seem to follow the same 

pattern as levels in the middle drift aquifer, being highest to the west and 

south, and decreasing to the east. 

If lateral ground water movement is occurring in the lower drift, it 

would be to the east. Lateral flow through the lower drift to the east, 

however, would seem to be blocked by the thick sequence of silts that make 

up the lower drift in the eastern portion of the study area. Likewise, 

lateral inflow to the lower drift through the study area is minimized by 

silts in the lower drift to the west. Thus, inflow to and outflow from the 

study area through the lower drift (Qil and Q
01

, respectively) have been 

assumed to be negligible for purposes of the water balance under both 

interpretations. This leads to the conclusion that leakage from the middle 

drift a uifer must wer drift to the under-

lying bedrock. 
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The differences between piezometric levels in the middle drift aquifer 

and the drift/bedrock contact along with the resistivity of the lower drift 

were used to calculate the rate of vertical leakage from the middle drift 

l 
I 

aquifer through the lower drift to the bedrock in the area between piezometric 

contours C and D and the two stream lines in Figure 14. The rate of vertical I 
leakage was found to be 14,100 cfd (73 gpm) which represents approximately 

36 inches per year of seepage over this area. Accounting for the difference 

between inflow and outflow through the middle drift aquifer, this would indi­

cate a recharge from surface· infiltration of 10,000 cfd or 26 inches per year. 

Since this seems higher than reasonable, the resistivities were re-examined. 

Since the difference between lateral inflow and outflow in the middle 

drift aquifer for the winter and June periods ranged between 2,000 cfd and 

4,100 cfd per foot with an average of 3,100 cfd, the difference between 

lateral inflow and outflow through the study area can be assumed to be quite 

constant throughout the year. With 3 inches per year as a reasonable long­

term average surface infiltration rate over the area, the average leakage 

from the middle drift aquifer is approximately 4,300 cfd. When the surface 

infiltration rate of 3 inches per year is applied to the June, 1977 water 

balance, the leakage rate is estimated to be 5,300 cfs •. Using this leakage 

rate and the observed differences in piezometric levels, a revised resisti­

vity of 1.4 x 107 sec is calculated which is 2.7 times higher than the ori­

ginally determined value. Since the estimate of resistivities of the lower 

drift could easily vary by this amount, this revised resistivity seems rea­

sonable. 

There are ways in which leakage rates from the middle drift aquifer 

through the lower drift could be higher for both the winter and June cases. 

From March, 1976 to February, 1977, there was little precipitation in the 

area and piezometric levels in the middle drift aquifer declined about 4.2 
-2 feet at a mean rate of 1.3 x 10 feet per day. This resulted in portions 

of the middle drift aquifer becoming unconfined during this period, a partial 

dewatering of this aquifer, and a corresponding loss from storage. In early 

summer of 1977, there was an increase in precipitation over the area, and it 

is possible that the infiltration rate during this early summer period was 

greater than 3 inches per year. Both the loss from storage and the higher 
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than normal infiltration rate would increase the estimated amount of leakage. 

However, leakage rates in both instances are unquantifiable, and. furthermore 

do not change the general picture of flow in the middle drift aquifer. Ver-~ 
tical leakage from the middle drift aquifer is about equal to the lateral 

flow leaving the area southeast of the site through this aquifer. Since -
lateral flow through the lower drift is negligible, this leakage must be 

continuing downward into the Platteville limestone formation. It is thus 

concluded that vertical leakage to the Platteville is an important ground 

water outflow route from the area south of the site. 

The second interpretation of the available information assumes that the 

middle drift aquifer beneath the recharge area east of the site is quite 

permeable, contributes significant recharge to the study area and thus 

influences flow in the area. Consequently, the piezometric contours are 

concave. This deflects the flow lines to the southeast, indicating a much 

greater rate of seepage from the middle drift aquifer through the lower 

drift under this interpretation of the data. 

Figure 15 shows the distribution in piezometric levels in the middle 

drift aquifer on February 21, 1977 for this second interpretation. Under 

these conditions, leakage rates from the middle drift aquifer would be on 

the order of five times greater than leakage rates under the first interpre­

tation. Consequently, if this interpretation is accurate, ground water flow 

from the study area 
I 

is dominated even more by leakage into the Platteville. 

The results of the two interpretations lead to different pictures of 

ground water movement through the Platteville. The first interpretation 

indicates that the Platteville collects leakage from the middle drift 

aquifer rather uniformly over the study area, implying an extensive system 

of joints and fractures. The second interpretation indicates that the 

Platteville collects leakage from the middle drift aquifer almost exclusively 

under the axis of the piezometric contours. This implies that the Platteville 

is rather impermeable with ground water movement controlled by a few joints 

and fractures which are, nevertheless, capable of conducting large quantities 

of water. 
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During years of more normal precipitation, a new equilibrium will be 

established between lateral movement out of the study area through the 

middle drift aquifer and vertical ·seepage from the middle drift aquifer to 

the Platteville. This new equilibrium will depend upon the piezometric 

gradients in the middle drift aquifer across the study area and on the ver­

tical gradients between the upper, middle and lower drift units. In review­

ing the available piezometric data, the general piezometric gradient in the 

middle drift aquifer across the study area did not change significantly with 

the wide range in piezometric levels measured during the study period. Thus, 

it is hypothesized that l'ateral flow into and out of the study area through 

the middle drift aquifer will not change significantly under various preci­

pitation patterns. The sparse data that are available also indicate that 

changes in piezometric levels at the base of the lower drift are generally 

similar to changes in piezometric levels in the middle drift. If this holds 

true in the long term, it will indicate that vertical seepage from the middle 

drift to the bedrock also should not change significantly with various pre­

cipitation patterns. If this is the case, it can be concluded that the 

lateral and vertical ground water movement rates obtained by the water 

balance approach are generally representative of conditions in the study 

area and the prime variables are the volume of water in storage in the upper 

drift and the piezometric levels in the Platteville limestone. 

Available data indicate that the flow in the Pla teville limestone is 

to the east, likely to the buried bedrock valley shown on Figure 7. Flow 

in the Platteville limestone formation is through fractures and fissures 

that have become solution channels, so even a rough estimate of rate and 

direction of movement is difficult to make. It is, however, logical that 

movement is to the bedrock valley, because that is the likely outlet deve­

loped during the pre-glacial period. Flow in the Platteville from the area 

southeast of the site was likely intercepted by pumping from wells that are 

£Pncased];hrough the Platteville such as the Midco Register and Terry 

Excavating wells. That water in the Platteville which was intercepted by 

these wells is indicated by the high phenolic concentration in samples 

collected from these wells. Samples collected during this study, for example, 

indicate that phenolic concentrations in the Midco Register well were similar 

to phenolic concentrations measured at the drift/bedrock contact in the area 
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of this well. During times that these uncased wells are not being pumped, 

they provide a flow path for water to move from the Platteville down into 

the St. Peter aquifer. The existing data permit a range of interpretations 

about the configuration of flow paths in the Platteville. Furthermore, the 

nature of flow through the Platteville makes it difficult to monitor the 

quality of water in the Platteville since the monitoring wells must inter­

cept the fractures that are carrying this water. Predicting the rate of 

movement through the Platteville is thus one of the most difficult factors~ 
to quantify. This is unfortunate because of the importance of the Platte­

ville as a potential means of carrying ground water with elevated phenolics 

and polynuclear aromatic hydrocarbons away from the study area. 

There is no data on ground water movement through the Platteville lime­

stone between Well 12 and the buried bedrock valley. It can be assumed, 

however, that the solution channels in the Platteville that carry ground 

water seepage from the glacial drift beneath the study area continue to 

carry flow all the way to the buried bedrock valley. The alternative is 

that there may be fewer cracks and fissures in the Platteville between Well 

12 and the buried bedrock valley. Under this alternative, water in the 

Platteville would reenter the glacial drift and continue to the buried bed­

rock valley through the drift. Due to the large quantity of flow from the 

drift to the Platteville and due to the likely geologic history of solution 

channels in the Platteville, this alternative seems unlikely and was not 

investigated further. 

Several assumptions were used to estimate flow time through the Platte­

ville to the buried bedrock valley. The bedrock valley with missing Glenwood 

shale was assumed to be a well with a radius of 500 feet. The St. Peter was 

considered to be confined between the site and the bedrock valley. The 

equilibrium piezometric level at the buried bedrock valley was estimated by 

computing the discharge rate through the Platteville that was equal to the 

recharge rate to the St. Peter through the bur~ed bedrock valley. 

The buried bedrock valley was estimated to recharge 80,000 cfd in the 

winter and 160,000 cfd in the summer to the St. Peter. Given this range in 

recharge rates to the St. Peter through the buried valley and the distance 

from the buried valley to the area near Well 13, it would take an estimated 
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20 to 25 years for flow through the.Platteville to reach the be~~~li ~H;I J ley 
• .. I 
during summer conditions and an estimated 40 to 50 years during winter condi--t'ions. These flow times are based on the gross area of the Platteville and .. 
must be multiplied by porosity to obtain a more reasonable estimate of actual 

flow time. Due to the unknown porosity of the Platteville, this could not be .II . 
done, but the actual flow times would be less than the above times. ~ 

it is possible that water from the Well 13 area is already reaching the 

buried bedrock valley and is migrating to the St. Peter. 

Ground Water Quality 

The ground water quality data collected from the various monitoring 

wells as well as the glacial drift piezometric levels were used to help 

define the quality of ground water in the glacial drift. The ground water 

quality data was used to plot phenolic concentration contours corresponding 

to the two interpretations of ground water movement through the middle 

drift aquifer. The contours for May-June, 1977 by the first interpretation 

are illustrated in Figure 16. The distribution of phenolics in samples 

from the soil borings were also used as an aid in constructing these contours. 

Where ground monitoring wells were nested, the highest concentration measured 

in the nested wells was used to construct the contours. Thus, these contours 

reilect a maximum phenolic concentration measured in the glacial drift 

ground water column. 

The ground water quality data indicate that phenolic concentrations 

measured from samples collected from each well show a high degree of varia­

tion. For example, a sample collected on April 1, 1976 from Well 9 had a 

phenolic concentration of 3.00 milligrams per liter while samples collected 

during May and June, 19 77 had phenolic concentrations of . 60 milligrams 

per liter. This may reflect a variation in the spacial distribution of 

phenolics in the ground water system, different pumping rates and pumping 

times prior to sample collection or changing ground water quality. 

The cgntours in Figure 16 show that the area of highest phenolic con-

centration seems to be located in the wetland area between Highway 7 and 
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Lake Street that received surface runoff from the site. Phenolic concentra­

tions as high as 50 milligrams per liter and total polynuclear aromatic 

hydrocarbon concentrations as high as 3,400 milligrams per liter were mea­

sured from Well 13 with a well point located at the base of the middle 

drift aquifer, 50 feet below the ground surface. Water samples collected 

from this point have a ·brown color with a characteristic coal-tar odor. 

Water samples from Well 9 approximately 700 feet to the east of Well 13 

indicate phenolic concentrations approximately two orders of magnitude lower 

and concentrations of total extractable organics approximately three orders 

of magnitude lower than concentrations at Well 13 .. Well 9 is outside the 

wetland area that received the surface runoff from the site. The absence 

of polynuclear aromatic hydrocarbons in samples from Well 9 could be 

explained by the fact the screen for Well 9 is placed in the upper portion 

of the middle drift aquifer while the screen for Well 13 is placed at the 

base of the aquifer. Polynuclear aromatic hydrocarbons are known to have 

specific gravities greater than 1.0 so this portion of the coal-tar waste 

could be expected to move downward due to its specific gravity and due to 

the downward component of flow. The contours representing phenolic concen­

trations of 100 micrograms per liter and 10 micrograms per liter stretch 

out in the direction of decreasing piezometric levels to the east. Thus, ........ 
the data indicate that the phenolics are being carried with the ground 

• 
water flow in the middle drift aquifer to the east. 

Ground water quality data collected from nested Wells 11 and 17 indicate 

that phenolic concentrations in the lower glacial drift are approximately 

one order of magnitude higher than phenolic concentrations in the middle 

drift stratum at the same location in the eastern portion of the study area. 

This is additional evidence that the vertical component of flow fr he 

middle drift aquifer is substantial. The fact that the lower glacial drift 

in the eastern portion of the study area has phenolic concentrations in the 

range of .20 to .30 milligrams per liter is a significant finding of the 

study since it shows that vertical leakage to the Platteville limestone 

likely also has elevated phenolic concentrations. This is the likely reason 

that the Midco Register well and other wells in the area that are uncased in 

the Platteville, supply water with elevated phenolic concentrations. Avail­

able information shows that Well 17, at the base of the lower drift, has a 
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concentration of polynuclear aromatic hydrocarbons equal to 1.7 milligrams 

per liter. This indicates that polynuclear aromatic hydrocarbons are moving 

away from the contaminated area around Well 13 and are also likely reaching 

the Platteville limestone. The specific polynuclear aromatic hydrocarbons 

found in samples from Well 17 were not identified in this study. 

Available laboratory data indicate that the specific gravity of the 

settleable material in water samples from Well 13 is on the order of 1.02. 

Thus, the material is denser than water, and this represents an additional 

mechanism distributing it to a depth of 50 feet and. to the base of the lower 

drift near Well 17. 

The existing monitoring well network was not adequate to define the 

location of the phenolic contours shown as dashed in Figure 16. These 

include the northeastern and eastern portions of the 10 microgram per liter 

and the 100 microgram per liter contours. The limits of the contaminated 

area to the south, to the west and to the northwest are defined by wells 

that monitor the middle drift aquifer, but show undetectable or very low 

phenolic concentrations. 

The distribution of phenolic concentration contours that correspond to 

the second interpretation of ground water movement through the middle drift 

aquifer are shown in Figure 17. This distribution is different from the 

distribution shown in Figure 16 in that the axis of the contours is deflected 

to the south approximately 25 degrees. The existing phenolic concentration 

data would seem to support the first interpretation; however, dispersion and 

the effect of historical pumping from the Midco Register well could help 

explain the reasons for the measured phenolic concentrations directly east 

of the wetland area between Highway 7 and Lake Street under the second 

interpretation. 

The only data available on the quality of water in the Platteville are. 

from industrial wells that are uncased and, therefore, presumably draw water 

from this formation. The Midco Register well presents the best example. 

Between late 1973 and early 1974, phenolic concentrations (MBTH Method) 

varied from 1.0 to 1.4 milligrams per liter in samples collected from this 
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well. Between April, 1976 and May, .1977, phenolic concentrations (4-amino­

antipyrine colormetric method) varied between .170 and .390 milligrams per 

liter. Data from Well 17, placed near the drift/bedrock contact close to 

the Midco Register well, indicate phenolic concentrations between .032 mg/1 

and .28 mg/1 (4-aminoantipyrine colormetric method) and equal to .340 mg/1 

(MBTH Method). The concentration of polynuclear aromatic hydrocarbons in 

samples from Well 17 was 1.7 mg/1. Thus, it can be concluded with reasonable 

certainty that coal-tar wa 

matic hydrocarbons are reaching the Platteville and moving with the ground 

water through the Platteville . 

EXISTING BEDROCK CONDITIONS 

As discussed in the subsection on glacial drift ground water movement, 

seepage to the Platteville limestone is a major outflow route from the glacial 

drift. For this reason, flow in the Platteville was discussed in the sub­

section on glacial drift ground water movement. The focus of this subsection 

is on ground water movement, both laterally and vertically, in the bedrock 
. 

units below the Platteville. The distribution of piezometric levels in the 

St. Peter and Prairie du Chien-Jordan aquifers were determined by the 

multi-aquifer model of Hetizman and Strack discussed in Section III. The 

distribution of piezometric levels during winter and summer conditions were 

calculated for both aquifers. In addition, available information was used 

to assess ground water movement in the Mt. Simon-Hinckley aquifer. Vertical 

leakage rates between the Platteville and St. Peter, between the St. Peter 

and the Prairie du Chien-Jordan, and between the Jordan and Mt. Simon-Hinckley 

were estimated on the basis of permeability data presented in Section III and 

measured or assumed piezometric levels. 

Ground· Water Movement 

Leakage through the Glenwood shale represents one of the possible inflow 

routes to the underlying bedrock aquifers from the glacial drift and 

Platteville limestone. Using an average difference in piezometric levels 

between the lower drift and St. Peter of l8 feet, and the estimated vertical 

permeability of the Glenwood of 10-B em/sec, results in an estimated rate of 
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leakage through the Glenwood aquitard of 0.061 feet per year. This leakage 

rate must be divided by the porosity of the Glenwood to estimate the actual 

velocity of water moving through the Glenwood. If the porosity is assumed 

to be 10%, the average velocity through the Glenwood is .61 feet per year. 

Since the Glenwood is estimated to be an average of 3 feet thick over the 

study area, water will take an average of 5 years to travel through this 

aquitard under these assumptions. As discussed in Section III, however, the 

permeability of the Glenwood is controlled by the degree of fracturing that 

is present and by the degree to which these fractures have become plugged 

with fine soils during the thousands of years that leakage has been occurring. 

Without the effect of plugging with fine soils, the rate of water movement 

through the fractures would be expected to be very rapid due to the vertical 

piezometric gradient across the Glenwood. Thus, the predicted flow time 

through the Glenwood of 5 years is really not very meaningful. More me~ing-

,ful is the fact that analyses of samples frgm Well 14 (a St. Peter weJl -directly beneath the area of coal-tar waste in the drift) exhi · phenolic 

and less than 10 micrograms per liter b 

in the City St. Peter wells at the 29th 

-to those measured 

eet and Idaho Avenue well fiel 

approximately 1 mile to the north. If the Glenwood was fractured, it seem 

logical that the phenolic concentrations would be higher beneath the area of 

coal-tar waste in the drift. 

The distribution of piezometric levels in the St. Peter aquifer during 

the winter months is shown in Figure 18. As shown, the general direction 

of ground water flow is to the east; howev.er, several geologic features and 

wells affect this general pattern. Most striking is the effect of the buried 

bedrock valley in the southeastern portion of the study area. As discussed 

in Section III, this buried bedrock valley cuts through the Glenwood, thereby 

connecting the glacial drift/Platteville directly to the St. Peter aquifer. 

The resulting flow into the St. Peter through this bedrock valley .creates 

a prominent recharge zone which blocks the general eastward flow in the 

St. Peter west of the buried bedrock valley. This creates an area of 

increased piezometric levels and reduced piezometric gradients in the 

St. Peter formation in the southwestern portion of Figure 18 south of 

Highway 7. 
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The effects of three St. Peter wells can also be noted on the general 

winter flow in the St. Peter in the study area. These are the wells orig­

inally drilled for Terry Excavating Company, Robinson Rubber Company (now 

Midco Register) and the City of St. Louis Park at their 29th Street and 

Idaho Avenue well field. As discussed in Section III, logs for these wells 

indicate the wells are finished in the St. Peter but are likely only cased 

to the first bedrock contact. The high phenolic concentrations in water 

from the Terry Excavating and Midco Register wells is evidence 'that these 

wells are directly connected to the glacial drift or Platteville. During 

periods when these wells are not pumped, their construction allows water 

from the Platteville to enter the St. Peter formation, thus creating 

recharge mounds in the St. Peter in the vicinity of these two wells. As 

shown in Figure 18, water recharging through the Midco Register well will 

flow south and northeast, while water recharging through the Terry .Excavat­

ing well will only flow northeast. The third well influencing flow in the 

St. Peter is St. Louis Park Well 3, located at the 29th Street and'Idaho 

Avenue well field. At one time, there were three St. Peter wells (City 

Wells 1, 2 and 3) in use at this well field; however, only City Well 3 is 

now used to any great extent. For modeling purposes, the three wells were 

considered as a single well. Figure 18 indicates that the winter piezometric 

gradients are such that the St. Peter wells at the 29th Street and Idaho 

Avenue well field will intercept flow from the west as well as a portion of 

the recharge supplied through the Terry Excavating and Midco Register wells. 

~cording to the piezometric levels generated by the model and the assumed 

permeabili orosity of the St. Peter formation, flow 

xcavating and Midco Register wells will take on the order of 

reach the 29th Street and Idaho Avenue well field through the St. Peter along 

the shortest stream line under the computed winter distribution of piezometr c 

levels. This estimated flow time is based on the Terry Excavating and Midco 

Register wells not being pumped. Periodic pumping of these two wells greatly 

complicates the analysis since a portion or all of the water recharged 

through the wells will be recaptured during pumping periods. Under the 

winter conditions, it is estimated that recharge from these two wells will 

eventually comprise approximately 19% of the total inflow to the St. Peter 

wells at the 29th Street and Idaho Avenue well field. Stream lines for the 
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portion· of the recharge through the Midco Register and Terry Excavating 

wells that can reach the City St. Peter wells are shown on Figure 18. 

The piezometric distribution in the St. Peter aquifer during the summer 

months is shown in Figure 19. This distribution is similar to the winter 

case with slight modifications due to increased pumping from the St. Peter 

wells at the 29th Street and Idaho Avenue well field during the summer and a 

greater rate of recharge through the Terry Excavating and Midco Register wells. 

This increased rate of recharge is due to a general lowering of the piezo­

metric levels in the St. Peter in the summer caused by increased summer 

withdrawals from all aquifers. Under summer conditions, ground water movement 

is complex through the St. Peter beneath the southern portion of the site 

and the area south of the site and north of Lake Street. As shown in 

Figure 19, flow from a portion of the area moves to the south and flow from 

the remaining portion moves to the northeast. Because of the greater summer 

pumping rate, the St. Peter well at the 29th Street and Idaho Avenue well 

field will intercept a larger portion of the recharge from the Terry 

Excavating and Midco Register wells than under winter conditions. Under 

the assumed summer conditions, recharge to the St. Peter through the Terry 

Excavating and Midco Register wells would take on the order of~years to 

reach the City St. Peter wells along the most direct stream line, ~n 

assuming that the Terry Excavating and Midco wells are not pumped. The 

stream lines defining water movement from these recharge wells to the City 

St. Peter well are shown in Figure 19. Under these conditions, recharge 

from these two wells would eventually contribute an estimated 60% of the 

water pumped from the City St. Peter well during the winter. 

Under both summer and winter conditions, recharge from the glacial 

drift and/or Platteville to the St. Peter through the buried bedrock valley 

will not reach the St. Peter wells at the 29th Street and Idaho Avenue 

well field, but instead will flow easterly out of the area. It must be 

cautioned, however, that the exact configuration of the buried bedrock 

valley is unknown. If the buried valley through the Glenwood extends 

further north, City St. Peter wells at the 29th Street and Idaho Avenue 

field could intercept flow from the valley. In addition, recharge through 

this expanded buried valley would shift the piezometric distribution so as 
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to cause the St. Peter wells at the-29th Street and Idaho Avenue well field 

to intercept more or even all of the recharge from the Midco Register and 

Terry Excavating wells. 

Vertical leakage from the St. Peter to the underlying Prairie du Chien­

Jordan is controlled by. the siltstone stratum at the base of the St. Peter. 

Using the thickness and assumed permeability of this stratum discussed in 

Section III, it was found that the resultant leakage into the Prairie du 

Chien-Jordan aquifer was too great and the known boundary conditions could 

not be met. The 

re-duced from 2 x 

permeability of the 
-6 10 em/sec to .4 x 

basal drift 

10-6 em/sec 

aquitard was, therefore, 
-3 

(1.1 x 10 ft/day) to 

match the known boundary conditions. Using this revised permeability, the 

thickness of the aquitard and an assumed difference in piezometric levels 

between the St. Peter and Prairie du Chien-Jordan of 33 feet, the estimated 

vertical seepage from the St. Peter to the Prairie du Chien-Jordan is .19 

feet per year. Dividing this vertical seepage rate by the assumed porosity 

of 20% results in an estimated rate of water movement through the siltstone 

stratum of 1 foot per year. Thus, it would take an estimated 55 years for 

water to travel through the basal siltstone stratum of the St. Peter forma­

tion. This flow time is considered to be a much more reliable estimate 

than the estimate for the Glenwood due to the expected absence of fractures 

in the basal siltstone stratum of the St. Peter. 

The distribution of piezometric levels in the Prairie du Chien-Jordan 

aquifer during the winter months is shown in Figure 20. As shown, ground 

water movement in the Paririe du Chien-Jordan is dominated by flow to the 

east. Wells considered in the model were the Prairie du Chien-Jordan wells 

at the City's 29th Street and Idaho Avenue well field (City Wells 10 and 

15), City Wells 5 and 6, Flame Industries, S & K Products, Minnesota Rubber, 

Methodist Hospital (summer case), Sterilized Diaper Service, the Mt. Simon­

Hinckley well located on the site and nine wells to the west of the study 

area belonging to several municipalities. The effects of only the Minnesota 

Rubber well, the Mt. Simon-Hinckley well on the site and the Prairie du Chien­

Jordan wells at the 29th Street and Idaho Avenue well field are visible on 

the computed distribution of piezometric levels. The Minnesota Rubber well 

and the City wells intercept flow from the west, but-do not alter the general 
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ground water movement sufficiently to affect flow in the study area. The 

drawdown cone at the Mt. Simon-Hinckley well on" the site is formed because 

the uncased portion of this well permits discharge from the Prairie du Chien­

Jordan to the Mt. Simon-Hinckley aquifer causing this drawdown. Times of 

travel are not as predictable in the Prairie du Chien-Jordan as they are in 

the St. Peter due to the fractured nature of certain members of the Prairie 

du Chien. The assumed permeability of the entire group, however, can be 

used along with the piezometric levels and an assumed porosity to estimate 

times of travel. For example, it would take water on the order of@years 

to travel ough the Prairie du Chien-Jordan from beneath the site to the 

Minnesota Rubber we under assumed winter conditions. However, this co~ 

puted flow time was based on treating the Prairie du Chien and Jordan 

aquifers as a single hydrologic unit with a porosity equal to the Jordan. 

Because of fractures, joints and solution channels in the Prairie du Chien, 

it is possible that the water from beneath the site could reach the Minnesota 

Rubber well in a shorter period of time. 

The distribution of piezometric levels in the Prairie du Chien-Jordan 

aquifer during the summer is shown in Figure 21. Again, a gradient to the 

east dominates the flow, but because of increased pumping the gradients are 

slightly different than the winter case. Under summer conditions, seven 

wells noticeably affect the distribution of piezometric levels in the 

Prairie du Chien-Jordan. These are Hopkins Well 3 to the southwest, St. 

Louis Park Well 5 to the west, St. Louis Park Wells 10 and 15 to the north,, 

the Mt. Simon-Hinckley well on the site, the Minnesota Rubber well to the 

east and the Methodist Hospital well to the southeast. Under assuroed summer 

conditions, it would take an estimate~ears for water to reach the 

Minnesota Rubber well through the Prairie du Chien aquifer from beneath 

the site using the same permeability and porosity assumptions as used in 

the winter case. 

The period of time required for vertical seepage from the Jordan aquifer 

to reach the Mt. Simon aquifer was estimated by assuming that only the Eau 

Claire formation separates the·two aquifers. Since the St. Lawrence and 

other units are also located between the Jordan and the Mt. Simon, this 

assumption will result in a maximum seepage rate and a minimum flow time. 
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-10 Using an assumed vertical permeability through the Eau Claire of 10 em/sec 

(Norvitch, 1973) and a thickness of 87 feet, the rate of seepage was calcu­

lated to be 2.6 x 10-4 feet per year. With an estimated porosity of 10%, 

the time of travel would be 34,000 years. To estimate a more reasonable 

flow time, flow' through all units between the Jordan and Mt. Simon would 

have to be considered. However, since no permeability data is .a·Jailable for 

the St. Lawrence, this was not done. Thus, it is concluded that the 

Mt. Simon-Hinckley aquifer is isolated from the Prairie du Chien-Jordan 

except for recharge.from wells that provide direct flow patha hetweep the -upper formations and the Mt. Simon-Hinckley . 

No additional Mt. Simon-Hinckley wells were found in the study area 

other than five wells identified by Sunde (1974). These Mt. Simon-Hinckley 

wells are the well on the site of the former coal-tar distillation and wood­

preserving facility; the well originally placed for the railroad; and 

St. Louis Park Wells 11, 12 and 13. City Well 11 is located at the 29th 

Street and Idaho Avenue well field, City Well 13 is located along Minnehaha 

Creek near T.H. 100 south of the study area, and City Well 13 is located 

northeast of Well 11 along Cedar Lake Road. Only the three City wells have 

been pumped in recent years. Together, these three wells create a piezometric 

low in the Mt. Simon-Hinckley aquifer for the western part of the metropoli­

tan area. Of the three wells pumping from the Mt. Simon-Hinckley aquifer, 

St. Louis Park Well 11 causes the greatest drawdown. Recharge to the 

Mt. Simon-Hinckley from overlying aquifers through the site well and the 

railroad well will flow to the City wells with almost all of the flow to 

Well 11. Using the estimated permeabilities, thickness and porosity of the 

Mt. Simon-Hinckley presented in Section III and the estimated piezometric 

gradients from Norvitch (1973), the minimum time for flow to travel from the 

site well to City Well 11 is estimated to be on the order of 4 years under 

summer and winter conditions . 

Ground Water Quality 

Changes to the natural quality of ground water in the various bedrock 

aquifers due to the coal-tar wastes identified in the glacial drift and 

Platteville limestone are obviously controlled by movement of ground water 
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between the glacial drift/Platteville system and the bedrock aquifers. As 

discussed in the preceding paragraphs, movement between these formations 

can occur in basically two ways. The first route is by seepage through the 

aquitards that separate the bedrock aquifers. As shown in the preceding 

analysis, velocity of ground water seeping through aquitards is slow, being 

on the order of 1 foot per year through the siltstone stratum at the base of 

the St. Peter, and .001 foot per year through the various aquitards separat­

ing the Jordan sandstone and the Mt. Simon-Hinckley aquifer. Calculated 

flow times through these aquitards are on the order of 55 years through the 

siltstone stratum of the ·st. Peter and at least 34,000 years through the 

various aquitards between the Jordan and the Mt. Simon-Hinckley. Thus, 

under the assumed permeabilities and gradients it seems unlikely that the 

coal-tar derivatives that are known to be present at the base of the glacial 

drift and in the Platteville limestone could have traveled to the Prairie 

du Chien-Jordan through the siltstone stratum of the St. Peter, or to the 

Mt. Simon-Hinckley through the Eau Claire. If the assumed permeabilities 

are increased b an order of rna nitude, it still seems unlike! that coal­

tar derivatives could be reaching the underlying bedrock aquifers through -these aquitards. 

As discussed previously, flow through the Glenwood shale is much more 

difficult to predict. Evidence that very little seepage is occurring is 

shown by the very low phenolic concentrations in the St. Peter beneath the 

highly contaminated areas in the drift and high piezometric gradient across 
-8 the Glenwood. With an assumed permeability of 10 em/sec and a porosity of 

10%, a flow time as short as 5 years can be computed. Qualitatively, it 

can be concluded that the amount of water seeping through the Glenwood is 

likely very small in comparison to lateral flow in the St. Peter or Platte­

ville; however, the velocity of downward movement through the Glenwood is 

probably relatively fast in relation to movement through the other aquitards. 

The second possible flow path from the glacial drift to the underlying. 

bedrock aquifers is through the various uncased bedrock wells that have 

been cons.tructed in the area. These include St. Peter wells cased only to 

the first bedrock contact that provide a flow route between the glacial 

drift/Platteville system and the St. Peter. Examples include the Terry 
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Excavating and Midco Register wells. The Terry Excavating and Midco Register 

wells are cased only ·to the uppermost bedrock contact and the open hole 

extends into·the St. Peter sandstone. Undoubtedly, there are other similar 

wells in. the area, but these two wells are the only ones that could be 

identified using the available data. Other wells such as the St. Peter well 

on the site are cased to the Platteville and extend through the Platteville. 

into the Glenwood or'possibly to the very top of the St. Peter. The avail­

able log for the site St. Peter well, however, indicates that the open hole 

does not.extend into the St. Peter, so only a small area is available for 

recharge to the St. Peter. Thus, the effects of wells such as this were not 

considered in the analysis of ground water movement between aquifers. 

Other uncased wells seem to connect the upper bedrock aquifers to the 

Mt. Simon-Hinckley. The Mt. Simon-Hinckley well identified by Sunde (1974), 

for example, originally drilled for the Milwaukee·Railroad, is reportedly 

cased only to the St. Peter and thus forms a flow path between the St. Peter­

Prairie du Chien-Jordan aquifers and the underlying Hinckley formation. 

Logically, vertical flow through this well would be froni the St. Peter to 

the Mt. Simon-Hinckley and from the Jordan to the Mt. Simon-Hinckley due to 

the progressively lower piezometric levels in each of these three aquifers. 

If· this well was constructed this way, however, the upper St. Peter has 

likely eroded into the open hole. The Mt. Simon-Hinckley well on the site 

is reportedly cased into the Prairie du Chien. thqs permitting flow fs.orn 

the Prairie du Chien-Jordan to the.Mt, Sjmon Hjnckley. 

An inventory of available data was made·to find wells in the area that 

could provide a direct connection between the glacial drift/Platteville or 

the upper St. Peter and the Prairie du Chien-Jordan aquifer. The Prairie 

du Chien-Jordan well placed for the Strom Block Company is cased into the 

siltstone aquitard in the St. Peter formation and the Midco Register well 

is only drilled to the upper reaches of the St. Peter formation. The Jordan 

wells drilled for: the Sterilized Diaper Service, Minnesota Rubber, and FlamH 

Industries are all shown to be cased into the Prairie du Chien formation. 

Thus, the review of available information. did not show any wells that would 

likely provide a connection between the glacial drift/Platteville or the 
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upper St. Peter·and the Prairie du Chien-Jordan. ~f the concentrations of 

that prbCIU@ a pathway between the drift, Platteville or upper St. P~and 

t;h;e;.:-;:P;r~a~i~r~~~-e~":d;u~C~h~~~-e~n~-~J~o~r;d~a~n;::.. ::::::::T~h~e~r~e;a;r;e;.::~u"'n~d~o~u~b~t;e~d~l~y~o~t~h~e~r-!"=w~e~l~l~s~~ and -. 

around the area of contamination in the glacial drift that have not been 

located. An example is the well originally drilled for Terry Excavating 

that was learned of through a chance discussion with a water well contractor. 

Another explanation that has been offered for the elevated phenolic 

concentrations in the Prairie du Chien-Jordan aquifer is the induced recharge 

that occurs during pumping from the Prairie du Chien-Jordan well. This 

additional drawdown in the Prairie du Chien-Jordan will result in increased 

vertical recharge through the siltstone aquitard in the St. Peter, thus 

increasing the rate of recharge. However, computations indicate that this 

is not a satisfactory explanation for the elevated phenolic concentrations 

measured in the Jordan wells during late 1973 and early 1974. 

In summary, the available information 
\ 
I 

seems sufficient tg explain 

very lqw cqncentrations of phenolics in the St. Peter beneath the area 

the .. 
south 

and southeast of the site. This could be attributed to leakage through the 

Glenwood or to recharge from uncased wells. Available information does not 

seem sufficient, however, to explain the phenolic concentrations measured 

in the Prairie du Chien-Jordan formation at Flame Industries, Minnesota 

Rubber and other Jordan wells in the study area. If these phenolic concen­

trations are to be attributed to the site, the only explanation seems to be 

that·one or more unknown wells in the study area connect the glacial drift, 

Platteville or upper St. Peter with the Prairie du Chien-Jordan. The com­

puted piezometric gradients and flow times seem sufficient to explain the 

reasons for the trace phenolic concentrations measured in the City Mt. Simon­

Hinckley wells, especially if a spill of coal-tar material did travai down 

the Mt. Simon-Hinckley well on the site. The available information, however, 

is not sufficient to explain the reasons for the measured phenolic concentra­

tions in the municipal St. Peter and Prairie du Chien-Jordan wells located 

at 29th Street and Idaho Avenue well field or at other municipal well fields 

in the area. 
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In the case of the City St. Peter wells at the 29th Street and Idaho 

Avenue well field, the gradient is sufficient to move recharge to the wells 

from the Terry Excavating and Midco Register wells; however, the time 

between construction of the Terry Excavating and Midco Register wells (or 

the time since pumping of the'Midco Register well stopped) and the detection 

of phenolic concentrations in samples from the City wells is too short for 

the water in the St. Peter formation to have traveled between these two 

points based on the computed winter and summer travel times. 

As discussed in the subsection on glacial drif·t ground water movement, 

the gradient in the Platteville limestone formation seems to follow the 

gradient in the glacial drift which is east from the contaminated area of 

the glacial drift. Thus, movement through the Platteville limestone and 

recharge through the Glenwood formation in the area of the City wells would 

also not seem to be a satisfactory explanation for the elevated phenolic 

concentrations measured at the City wells. However, it should be pointed 

out that a review of the logs for City Wells 1, 2 and 3 indicate that these 

wells are likely cased only to the upper portion of the Platteville lime­

stone. If these wells pump water from the Platteville, it is possible that 

the gradient in the Platteville more closely resembles the gradient in the 

St. Peter formation which has been shown to be toward the City wells from 

the site. The sketchy data that is available on the piezometric levels in 

the Platteville limestone between the site and the 29th Street and Idaho 

Avenue.well field could be interpreted so as to rationalize that flow is 

possible between the site and the well field. Although the data are not at 

all adequate to determine whether this hypothesis is correct, flow through 

the Platteville limestone from the area of the site to the well field would 

seem to be only a remotely possible mechanism for the movement of coal-tar 

wastes to that well field. 

In the case of the Prairie du Chien-Jordan wells, the computed gradients 

show that water cannot be transmitted from the general area of the site to 

the City well field through this aquifer. 
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SECTION V 

PREDICTED FUTURE GROUND WATER CONDITIONS 

Using the information from the preceding section, it is possible to 

generally predict the future sp'read of coal-tar derivatives through the 

middle drift aquifer. Future ground water movement in the bedrock aquifers 

in general should not change significantly in the foreseeable future except 

for a continuation in the general lowering of piezometric levels-that has 

been occurring for the past 30 years. Since the data and the computations 

carried out for thjs Study do not satisfactorily explain the reasons for 

the detectable phenolic concentrations in samples from the municipal St 

!eter and Prairie du Chien wells, it is not possible to project any change§ 

in this condition. 

Predicted future glacial drift and bedrock conditions are described 

separately in the two subsections of this section . 

FUTURE GLACIAL DRIFT AND PLATTEVILLE CONDITIONS 

The existing winter piezometric contours in the middle drift aquifer 

shown in Figure 13, along with the assumed range in middle drift permeabi­

lities were used to predict the rate of ground water movement through the 

middle drift aquifer. This information was then used to estimate the rate 

of movement of the various phenolic concentration contours shown in Figure 

16, neglecting the effects of dispersion and diffusion. Existing piezometric 

data indicate that the general winter piezometric gradient across the study 

area is approximately 1 foot vertical in 1,200 feet horizontal. Using this 

gradient, along with a range in middle drift aquifer permeabilities of 1 x 
-2 -2 

10 em/sec to 5 x 10 em/sec, and a porosity of 30%, results in average 

velocities through the pore sp~ces of the middle drift in the range of 30 

feet per year to 150 feet per year. At these velocities, it would have 

taken on the order of 20 to 100 years for the 10 microgram per liter phenolic 

concentration contour to expand from the wetland area between Lake Street 

and Highway 7 to the assumed present eastern limit shown in Figure 16. This 

seems a reasonable range in travel time, especially considering that the 
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data supports permeabilities in the.lower end of the above range in the 

Under these assumptions, the 1,000 micro­

~ ~~ grams per liter and the 100 micrograms per liter phenolic concentration 

tF Jl~~ contours could be expected to move eastward at a rat e order of 30 to 

eastern portion of the study area. 

~ *> r) ~l~S~O~;f:e:e~t~p~e;r;:~¥:e~a~r~w;1~· t;h~~m~o~r~e~w:e:7i:g~h~t~g~i~v;e:n~;t~o~r~a~t;e:s~n~e~a~r~t~h~e~~l~o~w~e~r;;e~n~~;~~s 
:l•~ 1.. .. 

. 1~ ~ · range. 
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\)'" The stratigraphy and permeability of the middle drift aquifer east 

of the study area is unknown. Soils in the middle drift aquifer .appear to 

become less permeable to the east, so it could be anticipated that the rate 

of movement of the 10 microgram per liter contour would be at a rate at the 

lower end or below the range of velocities found within the study area. 

Without additional information, however, nothing more can be said about the 

rate of movement of the 10 microgram per liter contour through the middle 

drift aquifer east of Well 17. It can be concluded that phenolic concen­

trations in the middle drift aquifer outside of the area of visible coal-tar 

waste near Well·l3 are not at a steady state condition. The contours will6 

tferefore, contjpue to expand. 

Soil data collected from the upper drift in and around the wetland 

areas south of the site indicate that phenolics are present at concentra­

tions two to three orders of magnitude above the concentrations measured 

at the base of the middle drift aquifer in this area. If phenolics are 

taken as a measure of the "leachable" fraction of the coal-tar waste, this 

indicates that the quality of ground water at the base of the middle drift 

aquifer may also not be at a steady state condition and that increased 

concentrations of phenolics and/or polynuclear aromatic hydrocarbons may 

occur at the base of the drift. To what extent this will occur will depend 

on the comparison between hydrocarbon loadings entering the middle drift 

aquifer from the upper coal-tar waste deposits and the hydrocarbon loadings 

leaving the contaminated middle drift area laterally and vertically to the 

Platteville. 

Due to the likelihood that the concentrations of coal-tar waste to 

and from the bulb of waste identified in the middle drift aquifer have not 

reached a steady state condition, it is reasonable to assume that the 
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concentration of coal-tar waste reaching the Platteville has also not 

reached a steady state condition and will continue to increase in the future. 

Th"e data, however, are not sufficient to quantitatively predict even the 

magnitude of the future increase. It can be reasoned, however, that it will 

be a small but steady increase over the years since the ground water is 

moving so slowly through the glacial drift. No reason was found for a 

decrease in the concentration of coal-tar waste reaching the Platteville or 

moving laterally through the middle drift aquifer. 

BEDROCK CONDITIONS 

The computed ~low times and velocities for water to move from probable 

sources of recharge to various water supply wells are summarized in the 

following table. 

Velocity (ft/yr) Flow Time (yrs) 

v v T T 
Unit From To summer vwinter ~ summer Twinter ~ 

St. Peter Terry Excavating City Well 3 125 30 77 32 153 56 
Well 

Prairie du Chien- Site Minnesota 144 86 115 29 48 36 
Jordan Rubber Co. 

Mt. Simon-Hinckley Site Well City Well 11 831 892 862 4.3 4.0 4.1 

SUMMARY OF LATERAL GROUND WATER MOVEMENT 

Average velocities from the Terry Excavating and Midco Register wells to the 

City St. Peter wells at the 29th Street and Idaho Avenue well field are on 

the order of 30 to 125 feet per year depending on the stream line. Average 

velocities through the Mt. Simon-Hinckley between the site Mt. Simon-Hinckley 

well and the Mt. Simon-Hinckley well at the City's 29th Street and Idaho Avenue 

well field are 6 to 30 times faster than through the St. Peter. Since the 

flow time between the site Mt. Simon-Hinckley well and the 29th Street and 

Idaho Avenue well field is on the order of 4 years, the quality of water in 

the Mt. Simon-Hinckley, at least as it is affected by coal-tar wastes from the 

site, could be reasonably expected to be in a steady state condition. 

Since the Terry Excavating and Midco Register wells were both installed 

in 1953, there has been the possibility of recharge to the St. Peter through 
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these wells for about 25 years. Until recently, the Midco Register well 

has been heavily pumped and any recharge during nonpumping periods would 

logically have been recovered. In any event, the average flow time to reach 

the City St. Peter wells from the Terry Excavating well is on the order of 

50 years which is about twice as long as the Terry well has been in place. 

~he conclusion is thus reached that recharge through the Terry Excavating 

well cannot be the reason for the detectable phenolic concentrations in 

samples from the City St. Peter wells. ~though the precision of the cal­

culations ·may not warrant _this conclusion, there is certainly no reason for 

the quality of water in the St. Peter to be at a steady state· condition at 

the municipal well fields, with respect to wastes contributed by the coal-tar 

distillation and wood preserving facility. 

If the Terry Excavating and Midco Register wells are grouted, water 

recharging to St. Peter sandstone through the buried bedrock valley will 

flow to the St. Peter wells at the City's 29th Street and Idaho Avenue 

well field. The distribution in piezometric levels for this case are shown 

in Figure 22. It would, of course, take a considerable number of years for 

the flow of water to move from the buried bedrock valley to the City wells, 

but nevertheless, a portion of the recharge to the buried bedrock valley will, 

in turn, recharge the City St. Peter wells after the Terry Excavating and 

Midco Register wells are abandoned. This leads to the conclusion that the 

""" City St. Peter wells should also be abandoned becau their influence on 

the movement of contamination reaching the St. Peter through the bedrock valley. 
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SECTION VI 

CORRECTIVE MEASURES 

The analyses carried out in the preceding two sections have shown that 

the glacial drift soils and ground water systems in the wetland area south 

of the site are contaminated to depth§ as great as 50 feet with coal tar 

wastes containing phenolics and polynuclear aromatic 'hydrgcarhops. Ground 

water movement in the glacial drift from this area is about equally split 

between lateral movement to the southeast and vertical movement to the 

Platteville limestone. The data show that phenolics and polynuclear 

aromatic hydrocarbons are moving from the most severely contaminated areas of 

the drift. Concentrations are approximately two orders of magnitude smaller 

t,OOO feet downgradient. The phenolics and polynuclear aromatic hydrocarbons 

have moved to the base of the glacial drift and are also likely moving away 

from the area through the Platteville. The likely rates at which these 

materials are moving are more predictable in the drift than through the 

Platteville due·to the unknown permeability and porosity of the solution 

channels in the Platteville beneath the study area. It is hypothesized, 

however, that the direction of movement through the Platteville limestone is 

southeasterly toward a bedrock valley cut through the Glenwood into the 

St. Peter. Once the organic materials reach the buried bedrock valley, they 

can move vertically into the underlying St. Peter sandstone and from there 

easterly toward a second bedrock valley or to wells that draw from the 

St. Peter. 

The results of the analyses carried out in this study suggest that the 

coal-tar waste in the glacial drift represents a potential threat to the 

underlying bedrock ground water aquifers for the following reasons: 

{!) A number of wells in the area are uncased through two or 

more bedrock aquifers, thus providing potential pathways 

for ground water movement between the upper units, such as 

the drift/Platteville, and the lower aquifers, such as the 

St. Peter and the Mt. Simon-Hinckley. 
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b. Downgradient of the bulb of contaminated .ground water in 

the glacial drift there is evidence of a buried bedrock 

valley that will provide or is providing another connection 

between the glacial drift/Platteville ground water system 

and the St. Peter. 

c. Existing industrial wells immediately downgradient of the 

contamination are slowly being abandoned for one reason or 

another. These wells, especially wells that are uncased 

through the Platteville, may have acted, at least partially, 

as barriers to ground water movement through the drift/ 

Platteville system. As these existing barrier wells are 

phased out and new barriers are established further to the 

east and to the south, the potential for the spread of 

organics from the contaminated area in the glacial drift 

is increased. 

Thus. a major recommendation of this report is that the movement of 

identified coal-tar wastes in the middle drift aquifer and Platteville be 

controlled. 

The purpose of this section of the report is to examine corrective 

measures for containing the spread of the coal-tar derivatives. The first 

measure examined is gradient control. Under this technique, a system of 

pumpout wells placed in the middle drift aquifer will intercept wastes from 

the area of coal-tar waste identified in the middle drift aquifer. Water 

pumped from the gradient control wells could be discharged to the sanitary 

sewer system or treated and discharged to Minnehaha Creek or a combination 

of these two disposal locations could be used, depending on the character­

istics of the water. A second corrective measure examined is excavation. 

The study defines the volume of soil that must be excavated to remove 

various concentrations of phenolics and benzene extractable materials from 

the study area. Excavation is not presented as an alternative to gradient 

control; but rather as a means of reducing the time over which gradient 

control will be necessary. The unknown factors in determining the reduction 
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in pumping time are the rate and amount of desorption of organics that could 

occur from the soil particles. A third corrective measure is the abandonment 

of all wells in the area that potentially act as recharge wells to a lower 

bedrock aquifer and the abandonment of St. Peter wells at the City's 29th 

Street and Idaho Avenue well field. Again, this corrective measure is not 

an alternative to gradient control in the middle drift but should be imple­

mented in addition to gradient control. A fourth corrective measure that is 

discussed is the additional treatment of municipal water supplies by 

adsorption with activated_carbon or other processes to remove the trace 

organics that have been periodically identified in samples from various 

municipal wells. Again, this corrective measure is not offered as an alter­

native to gradient management but as an action to be taken if further 

studies or experience show that the quality of water produced at municipal 

wells is not acceptable as a potable supply. Undoubtedly, other "innovative" 

measures to solve the various problems identified in this report will be 

suggested. During the study, various 11 innovative 11 measures were discussed; 

however, no other measure was identified with the degree of success as high 

as gradient control. 

This section of the report has been divided into four subsections. The 

first subsection discusses gradient control including the location of the -gradient control wells, the expected quality of ground water pumped from the 

middle drift aquifer, the two disposal routes that would seem to be available, 

and the additional data needed to design the system The second subsection 

of the report discusses excavation and presents the quantities of soil that 

must be excavated _to remove various concentrations of benzene extractable 

material and phenolics. The third section discusses abandonment of uncased 

bedrock wells in the area. The f~h section summarizes additional treat­

ment that could-be used at the municipal wells if organics identified at -trace levels prove to warrant removal . 

GROUND WATER GRADIENT CONTROL 

The most logical ground water gradient control system is a system of pump­

out wells that will collect contaminated ground water before it has a chance to 
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move from the area. The two flow routes from the contaminated area of the 

glacial drift that have been identified are lateral movement through the 

middle drift aquifer and vertical movement to the Platteville with subsequent 

lateral movement through the Platteville, most likely to the burled bedrock 

valley. The analysis in Section IV of this report indicated that the flow 

from the contaminated area of the middle drift aquifer was likely to range 

from about equal to the lateral flow out of the middle drift aquifer to about 

five times the lateral flow out of the middle drift. Due to the unknown 

pattern of solution channels in the Platteville, it will be most effective 

to manage gradients in the middle drift aquifer and to control the lateral 

and vertical movement of ground water away from the contaminated area in that 

aquifer. As the piezometric levels are lowered in the middle drift aquifer, 

a portion of the flow in the Platteville will be diverted upward through the 

lower drift and captured by the gradient control wells. 

Conceptual Design of Gradient Control System 

The rate at which removal will occur is dependent upon the distribution 

of coal-tar waste in the soil, the rate at which the wastes will desorb from 

the soil particles, the hydrogeology of the drift and the location and pump­

ing rates of the wells. For gradient control purposes, organic constituents 

typified by phenolics, polynuclear aromatic hydrocarbons, chemical oxygen 

demand, biochemical oxygen demand, and oil and grease are of interest. Of 

these parameters, phenolics have been analyzed most frequently, with three or 

more samplings at most monitoring wells since early 1976. Phenolic compounds 

are also considered to be representative of the more mobile portion of the 

coal-tar waste in the ground water. Therefore, the distribution of phenolis 

s~bstances was used as the basis for designing the gradient control system. .... . 

It has been assumed that areas with phenolic concentrations greater than 

10 micrograms per liter would be included in the system. 

The distribution of phenolics in the various ground water aquifers was 

discussed in Section IV of this report. A range in the distribution of 

phenolics in the middle drift aquifer was presented. This range is represented 

by the contours in Figures 16 and 17. For the purposes of conceptually 
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designing a gradient control system and estimating the rate at which 

phenolics will be removed by pumping, it was assumed that the concentration 

contours in Figure 16 are applicable. Gradient control system design and 

removal rates for conditions represented by Figure 17 will be similar. The 

assumed distribution of phenolics in Figure 16 was combined with an analysis 

of the hydrogeology of the middle drift aquifer to define the pumping rates 

and locations of the gradient control wells. The results of these analyses 

were then used to estimate the rate at which the phenolics would be removed 

from the middle drift aquifer. 

It was concluded that the June portion of the study period would be most 

representative of the distribution of piezometric levels during periods of 

normal precipitation. Designing the gradient control wells on the basis of 

piezometric levels measured during the drought conditions prevailing over 

earlier portions of the study period may have resulted in a gradient control 

system insufficient to manage the gradients during more normal precipitation 

periods . 

The water balance in the middle drift aquifer indicated that the vertical 

component of flow from the area with the high concentrations of phenolics 

around Well 13 is likely a significant source of phenolics to the Platteville 

limestone. Due to the difficulty in removing water from the Platteville 

limestone, it is recommended that a gradient control well be placed at the 

base of the middle drift aquifer immediately downstream of the zone of high 

phenolic concentrations to intercept ground water with the highest phenolics 

before it reaches the Platteville. This well is shown as Well A in Figure 22 . 

Pumping this well at a rate of approximately 15 gpm should effectively inter­

,cept all the flow moving laterally and vertically through the 1,000 microgram 
~ 

per liter conceritration contour as well as IDO§f pf the flow moving laterally 

and vertically through the 100 mi of the 

we under the June, 1977 distribution of piezometric levels in the glacial 

'drift shown in Figure 14 and the distribution of phenolic contours shown in 

Figure 16. This area of influence is shown in Figure 22. Piezometric con­

tours east of Well 11 had to be extrapolated due to the effects of the 

unknown pumping center on the contours measured June 15, 1977. 

VI-5 



To intercept the lower concentrations of phenolics moving laterally in 

the micdle drift aquifer east of the area of most concentrated coal-tar 

wastes as well as much of the contaminated seepage moving through the Platte­

ville, two additional gradient control wells are recommended at the base of 

the middle drift aquifer in the eastern portion of the study area. These 

wells are labeled Well B and Well C in Figure 22. Pumping each of these 

' wells at approximately 15 gallons per minute was estimated to intercept 

lateral flow in the middle drift aquifer between the streamlines shown in 

Figure 22. and to provide an upward gradient from the Platteville to the 

gradient control wells. 

Pumping each gradient control well at a rate of 15 gpm is anticipated 

to result in a maximum drawdown on the order of 5 feet at each well. This 

should not cause any problems with settlement of structures. 

There are two general ways to model the likely phenolic concentrations 

in ground water removed by the gradient control system. These are plug flow 

and completely mixed flow. In plug flow, it is assumed that no mixing of 

ground water occurs along the direction of flow. Ground water volumes 

closest to the well are removed first, followed by the ground water volumes 

.at a greater distance. Removal of a contaminant from the aquifer is assumed 

complete after one volume of water has passed through the system. Thus, plug 

flow can be thought of as representing a lower limit for the time required 

to remove a contaminant from the ground water. In completely mixed flow, it 

is assumed that the water volume is homogeneously mixed at all times. Under 

these assumptions, concentrations are gradually reduced over time, and the 

time rate of removal becomes an exponential function. The time required to 

reach 99 percent of complete removal is calculated instead of the time 

required for complete removal since the latter is infinite. A completely 

mixed system can be thought of .as representing an upper limit for the time 

required to remove a contaminant from a given volume neglecting the effects 

of desorption of material bound to soil particles. For the purposes of 

estimating the removal concentrations, it was assumed that the phenolic 

concentrations are constant within the aquifer in the vertical direction 

and vary linearly between the contours. For estimating purposes! phenolic 
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concentrations were neglected in the· areas outside of the 10 microgram per 

liter contour. 

Although the models described above provide insight into the potential 

concentrations of phenolics and other parameters in discharges from the 

gradient control system and into the time period necessary for control, the 

available data are limited and uncertainties concerning permeability, 

aquifer recharge and leaching will affect the accuracy of the estimates. The 

assumption that ground water will move horizontally through the middle drift 

aquifer to the gradient.control wells is dependent on permeabilities in the 
' 

horizontal direction and on the amount of rainfall and recharge that occur. 

Leaching from other zones of contamination may also affect both the supply 

of coal-tar derivatives and the degree of mixing during removal. Vertical 

homogeneity, which is known not to exist, was also assumed in estimating the 

distribution and availability of organics in the middle drift aquifer. 

Finally, none of the analyses performed indicate the potential for inter­

action between soils and the organics. Desorption and other chemical reactions 

are likely to affect removal by increasing the availability of organics. 

Desorption of organics from soil particles will probably reduce the rate at 

which phenolic concentrations decrease after the peak, thereby increasing the 

concentrations experienced in later years over those predicted in the models. 

Uncertainties associated with spacial distribution of organics, leaching 

patterns and recharge sources will thus affect the phenolic concentrations 

in the effluent from the gradient control wells. 

In practice, removal of organics from the middle drift aquifer will 

likely proceed by a combination of plug and completely mixed flow. Ground 

water closest to tl.e gradient control wells will be removed in a manner 

similar to plug·flow, but the actual rate of changes in phenolic concentrations 

in effluent from the gradient control wells is likely to fall between the 

two results obtained by the plug flow and completely mixed flow assumptions 

discounting the effects of desorption. 

Using the distribution of phenolics and aquifer hydrogeology discussed 

in Section IV, the rate of removal of phenolics was modeled using the 
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three 15 gpm gradient control wells. at the base of the .middle drift aquifer 

as shown in Figure 22. To indicate the extremes of the rate of concentra­

tion changes likely to be experienced, both plug flow and the completely 

mixed flow were modeled. 

The results of the plug flow and completely mixed flow models are shown 

on Figure 23(a). The results of these analyses provide a basis for estimat­

ing the likely concentrations of phenolics in the discharge from the ground 

water gradient control wells and the time period necessary for removal, again 

without considering desorption of organics from soil particles. 

To obtain a third measure of the rate of phenolic concentration change, 

the middle drift aquifer was idealized as a series of completely mixed 

volumes. In this model, the aquifer was split into volumes along the piezo­

metric contours and streamlines indicated by a flow net analysis of the 

gradient control system. It was assumed that flow proceeds through the 

series of volumes with complete mixing in each volume at all times. Due to 

the complexity ·of the analyses and the importance of the discharge from 

Well A on the quality of water discharged from the gradient control system, 

the hypothesis of a series of completely mixed volumes was applied only to 

Well A. Figure 23(b) summarizes the results of the series of mixed volumes 

model along with the plug flow and completely mixed flow models to indicate 

the contrast. 

The preceding analysis· indicates that after an initial period of rela­

tively low concentrations, phenolic concentrations are likely to rise to a 

peak, after which a gradual decrease will take place. On the basis of the 

available data, it appears that the rise to the peak phenolic concentration 

at Well A will probably begin during the first year. Peak phenolic concen­

trations will probably be in the range of 3,000 to 8,000 micrograms per 

liter over a period of about 1 to 1~ years. The concentration will likely 

drop to below 100 micrograms per liter after about 15 to 20 years of pump-

-ing from Well A. On the order of 50 to 100 years of pumping will likely be 

necessary to reduce phenolic concentrations below 10 micrograms per liter. 
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The discharges from Wells B and C, which are located east of Well A, 

will likely exhibit a peak phenolic concentration on the order of several 

hundred micrograms per liter, and maximum concentrations will likely occur 

between 4 and 11 years after pumping starts. The available data indicate 
I 

that the peak concentration from Wells B and C should occur after the peak 

concentration from Well A and the peak could last for 3 years or more. 

Phenolic concentrations in the discharge from Wells B and C will likely 

drop to less than 100 micrograms per liter after 15 to 20 years of pumping 

~and it will likely take about 60 to 120 years to fall below 10 micrgg~ms 

per liter. It is once again stressed that the preceding analysis does not 

consider the effects of desorption of organics that will occur from the soil 

particles with changing equilibrium conditions. Desorption may tend to 

increase the necessary pumping time, but will likely have less effect on 

peak concentrations. 

Since phenolic concentrations in the discharges from Wells B and C 

should initially be less than 100 micrograms per liter, discharge from Well 

A during the period of its peak phenol concentration will be diluted by a 

ratio of 1:3 if all wells are connected. In this case, the peak phenolic 

concentrations of the combined discharge will be on the order of 1,000 to 

3,000 micrograms per liter. 

Comparison of phenolic concentrations with concentrations of other 

organic constitutents is difficult because of the limited available data and 

because of the variability in the data. Data in Tables 6 through 8 are 

highly variable and suggest that simple ratios among different parameters do 

not exist. This likely reflects differences among chemical species and 

factors such as solubility; total available mass of each species; and ability 

of the organics. to participate in sorption, chemical reactions, or other 

processes • 

In an effort to establish some general basis of comparison between 

phenolic concentrations and concentrations of other parameters, peak and 

average concentrations of chemical oxygen demand, biochemical oxygen demand, 

polynuclear aromatic hydrocarbons and oil and grease were estimated using a 

combination of observed concentrations and judgement. Table 8 summarizes 
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the estimates of potential phenolic· concentrations and compares them with 

estimated concentrations of other parameters likely to be observed in the 

effluent from the ground water gradient control wells. 

The eBtimated cost 

$10,000. This includes 

of the three gradient control wells is $8 DOD to -.., 
a 4-inch diameter casing, 8-foot long stainless 

.. 
I 

I 
steel well screen, submersible 20 gpm pump and electrical hook-up. The cost .,. 

does not include piping to connect the wells. 

the next section. 

This cost is discussed in 

If the actual distribution of phenolic concentration contours is' 

found to be different than shown in Figure 16, the gradient control well 

concept will not change; however, the location of control wells B and C 

will need to be rotated so that these wells will capture ground water moving 

through the middle drift aquifer from the wetland area between Lake Street 

and Highway 7. The location of Well A should not change significantly. 

Disposal of Ground Water 

The purpose of this subsection is to· discuss the disposal of ground 

water brought to the surface through the gradient control system. As a 

basis for identifying the ground water disposal alternatives and for their 

economic analysis, it is assumed that a gradient control system similar to 

that discussed in the preceding section will be implemented. The proposed 

locations of the three 15 gpm gradient control wells were given in Figure 22, 

and estimated peak and average concentrations of various organics were given 

in Table 8. 

:J:he disposal of ground water can be by two routes--discharge to the 

~nitary sewer or discharge to Minnehaha Creek after appropriate treatmen!: 

Alternatives can be devised that will use a combination of these two routes. 

For example, the more contaminated portions of the ground water can be 

diverted to the sanitary sewer while the less contaminated portions are dis­

charged to Minnehaha Creek after treatment. The relationship among these 

disposal alternatives are summarized schematically below. 
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Chlorination Biodegradation 
in Pond 

Discharge 
to 

Sanitary 
Sewer 

Chemical 
Oxidation With 

Chlorine Dioxide 

Discharge 
to 

Minnehaha 
Creek 

RELATIONSHIPS AMONG TREATMENT AND DISPOSAL OPTIONS 

With any of these alternatives, disposal will be regulated. In the 

following paragraphs, the existing regulations, as well as the existing sys­

tems, that could be used to transport the effluent from the ground water 

gradient control'wells are discussed. Modifications to the existing faci­

lities that may be needed are also discussed. 

Sanitary Sewer Disposal 

Disposal to the metropolitan sewer system will be regulated by the 

Metropolitan Waste Control Commission (MWCC). MWCC regulations are based on 

quality and quantity considerations. The quality regulations are set forth 

in "Sewage and Waste Control Rules and Regulations for the Metropolitan 

Disposal System," published December 1, 1971. These regulations are being 

reviewed and will likely be revised in the future. Due to the unknown 

nature of any revisions, the existing regulations were used in this study. 

However, it should be recognized that MWCC regulations may chapge in the 

future. making it necessary to pretreat the effluent from the gradient con-
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control wells prior to discharge to. the sanitary sewer system. Potential 

treatment methods are discussed in Appendix F. 

Various discharge limitations are included in the Rules and Regulations. 

Discharge limitations relevant to the discharge of ground water from the 

gradient control wells are summarized in Table 9. Additional provisions 

likely applicable to this discharge are included in Section 5-4 of the Rules 

and Regulations. These provisions restrict the disposal of water containing 

"unusually high concentrations of suspended solids, 
BOD, COD, or chlorine requirements ... [and] any toxic 
substances, chemical elements or compounds, phenols or 
other taste or odor-producing substances or any other 
substances which may interfere with the biological pro­
cesses or effiency of treatment works, or that will pass 
through a treatment works and cause the effluent there­
from, or the water into which it is discharged, to fail 
to meet applicable state or federal standards." 

These provisions must be regarded as qualitative limitations due to the 

absence of quantitative criteria. For example, limitations on oil and 

grease are of concern where maintenance problems such as sewer plugging can 

result, and limitations on phenolic concentrations are of concern when 

resulting odors will present a nuisance (Madore, per. com.). 

In addition to restrictions on the quality of discharges, the MWCC 

regulates discharges to the metropolitan sewer system through charges based 

on flow and quality. A service availability charge, a volume charge and a 

strength charge could be incurred as a result of the disposal of ground 

water from the gradient control wells to the sanitary sewer (Madore, per. com.). 

The service availability charge is designed to pay for debt service 

which the MWCC has accumulated as a result of construction of reserve dispo­

sal capacity. It is a one-time charge assessed at the time of sewer con­

nection. For 1977, the charge is $375 for each new 100,000 gallons of waste 

water added to the metropolitan sewer system on an annual basis. A discharge 

~e of 45 gpm would amount to a service availability charge of about $90.000. 

The service availability charge is intended to apply to long-term or perman­

ent discharges. Since it is anticipated that the quality of ground water 
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pumped from the gradient control wells will improve gyer time, discharge 

to the sanitary sewer may not be necessary over the long-term and the entire 

discharge eventually could be routed to Minneh a Creek af 

treatment. In addition to this potential capital cost, it is estimated 

that sewer connections will cost about $8,000. 

The sewage volume charge is based on metered sewage flows and sewage 

disposal costs. These costs are estimated for each year on the basis of 

recorded sewage flows and costs associated with the disposal system during 

the previous year. Local· sewer maintenance costs paid by the municipality 

are added to the volume charge to obtain the total volume charge. During 

1976, the total volume charge for the City of St. Louis Park amounted to 

slightly more than 47¢ per 1,000 gallons (Hanson, per. corn.). Therefore, 

continuous disposal of 45 gprn into the sanitary sewer will result in a total 

volume cost of approximately $11,000 per year. During 1977, it is expected 

that the total volume charge will rise due to inflation and increased treat-

ment costs. 

The strength charge is based on the concentrations of suspended solids 

and chemical oxygen demanding substances in the discharge. These two para­

meters, along with wastewater volume, are related to a strength charge by a 

formula established by the MWCC. This charge is designed to reflect the 

added treatment cost for high strength wastes and to place an appropriate 

financial burden on dischargers of those wastes. The annual strength charge 

is currently computed as: 

Annual [
O.SO(SS-317) Strength Charge = ($172. 78) (V) (0.5444) 

317 
+ O.SO(COD-681)] 

681 

where: V = total volume of waste discharged to sewer annually (millions 
of gallons) 

SS =average suspended solids concentration in the discharge (rng/1), 
and 

COD = average chemical oxygen demand concentration in the discharge 
{mg/1) . 

The constants used in this formula were determined for 1977 from the most 

recent MWCC operational records. It is anticipated that the constants will 
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be revised annually. Credits are not given for suspended solids concentra­

tions less than 317 mg/1 or chemical oxygen demand concentrations less than 

681 mg/1. 

Since the concentration of suspended solids in ground water will likely 

be less than 317 mg/1, the strength charge will likely arise from chemical 

oxygen demand. If the average annual chemical oxygen demand is f,OOO mg/1, 

the annual strength charge will be about $500. If the average annual chemi­

cal oxygen demand is 2,000 mg/1, the annual strength charge will be about ..... 
$2,200. This should bracket the strength charge during the years of peak _.. ... 
concentrations in the combined discharge from the three wells. During most 

.years, it is estimated that the concentration of COD from the three wells 

combined would be less than 681 mg/1, in which case there will be no strength 

charge during those years. 

The St. Louis Park sanitary sewer system map indicates there is a gravity 

sewer in the vicinity of the proposed gradient control wells that could be 

used for the disposal of ground water to the metropolitan sewer system. 

This local sewer is owned and maintained by the City. The location of the 

sewer system is shown in Figure 24. The sewer system !ncludes a 12-inch to 

15-inch gravity sewer running northeastward along Lake Street then south­

eastward along Hampshire Avenue from the intersection of Lake Street and 

T.H. 7. It crosses the Chicago, Milwaukee, St. Paul and Pacific Railroad 

and discharges to St. Louis Park's Lift Station No. 2 on Edgewood Avenue. 

Although existing capacity data are not available for this sewer, it is 

the opinion of St. Louis Park Water Department personnel that sufficient 

capacity does exist for a discharge of 45 gpm (0.065 mgd) (Tolefsrud, per. 

com.). Lift Station No. 2 normally handles about 0.7 mgd and has sufficient 

pump capacity for about 5.6 mgd. !he.refore, sanitary sewer disposal of the 

d~scharge from the gradient control system should not exceed She capacity c: 
of the existing sanitary sewer system. From Lift Station No. 2, the sewage 

flow enters the Hopkins forcemain which is a part of the metropolitan 

sewer system discharging to the lletropolitan Treatment Plant (Tolefsrud, 

per. com.). 
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The location of the sewer proposed for use is ·isolated from residential 

areas, so oaors from the phenolic wastes are not likely to be a problem to 

residents. Property along Lake Street and Hampshire Avenue has been devel­

oped for light.industrial use, and the lift station on Edgewood Avenue is 

located on an isolated site near Methodist Hospital. The sewer is about 

25 feet below the ground surface in many sections (Tolefsrud, per. com.). 

Discharges to Minnehaha Creek 

Point discharges of wastes to Minnehaha Creek are regulated by the 

Minnesota Pollution Control Agency. Agency regulations would be implemented 

through issuance of a National Pollutant Discharge Elimination System (NPDES) 

permit for the point discharge and through issuance of a disposal facility 

permit for the treatment facilit~ A discharge permit would establish 

permissible concentrations or total loadings of various parameters 

in the effluent, as well as the monitoring requirements to demonstrate 

compliance with the permit. St. Louis Park has been ·iss·ue~ a NPDES permit 

(MN 0045489) to discharge treated storm water to Minnehaha Creek from a 

treatment facility that treats surface drainage from the site of the former 

coal-tar distillation and wood preserving facility and adjacent ~reas. Thus, 

at least an initial base for estimating applicable limitations has been 

established for the discharge of coal-tar derived wastes to Minnehaha Creek. 

Effluent parameters regulated under the discharge permit include 

phenolics, various polynuclear aromatic hydrocarbons, metals and other 

parameters associated .with wastes from the coal-tar distillation and wood 

preserviag facility. The effluent limitations in the discharge permit are 

expressed in terms of permissible daily maximum concentrations that depend 

on the flow in Minnehaha Creek. The permissible daily concentrations are 

summarized in Table 10. Comparison of the effluent limitations in Table 

10 with the predicted quality of sround water from the gradient control 

system in Table 8 indicates that treatment for the removal of organics will 

be required before discharge to Minnehaha Creek. 
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The existing storm water conveyance system includes a storm sewer system, 

two Hypalon-lined storage ponds, and a lift station with a discharge to 

Minnehaha Creek. The total drainage area tributary to the storm sewer system 

includes the 80-acre site of the former coal-tar distillation and wood 

preserving facility and 220 acres of adjacent residential and industrial 

area. The storm sewer system is shown in Figure 24. According to the 

plans, the north .pond has an area of 3.3 acres and a total storage volume of 

23 acre-feet and the south pond has an area of 4.9 acres and a total storage 

volume of 44 acre-feet. Flow between the two ponds is controlled by the 

outlet of the north pond ·at Elevation 886.3. 

The storm water treatment system that is designed to remove organics 

from the storm water prior to discharge to Minnehaha Creek is centered 

around the lift station located southwest of the south pond. The lift 

station has two pumps--one of 10,000 gpm capacity and the second of 5,000 

gpm capacity that has been throttled to 2,500 gpm. The pumps are controlled 

by automatic float controls. With low intensity and short duration rainfall 

events, the system is designed to collect storm water runoff in the two 

ponds and discharge it on an intermittent basis at 2,500 gpm. With more 
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intense runoff conditions, the 10,000 gpm pump would be used to prevent 

flooding. The pump controls a: set to maintain the level of the south pond ·1 
~ 

between Elevation 885.5 and Elevation 888.5. 

To meet the effluent limitations in the NPDES permit, a treatment 

facility was designed to oxidize organics using a combination of chlorine 

and chlorine dioxide followed by dechlorination by sulfur dioxide. Chemical 

supplies and metering equipment are located in the lift station southwest 

of the south pond. Feed lines carry a chlorine-chlorine dioxide mixture 

to an injection point at a bar screen in the storm sewer about 200 feet 

upstream of the lift station. The sulfur dioxide is added in the wet well 

before the pumps. With a flow rate of 2,500 gpm, hydraulic residence time 

between chlorination and dechlorination will be approximately 6 minutes. 

During this time, oxidation of organic compounds can take place. 

Available information indicates that the treatment system was designed 

to oxidize 90 pounds of phenolics per day at a concentration of 3 mg/1. 
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Although the chemical feed rates were reportedly adjusted and tested to 

insure compliance with project specifications, there is no data available on 

chemical feed rates or on the ratio of chlorine dioxide to phenolics' or 

other aromatic hydrocarbons needed to meet permit requirements. Chlorination 

of surface runoff apparently has not been necessary to meet the permit 

requirements. Since the chlorination facility has not been necessary, the 

supplies of chlorine and sulfur dioxide have been returned to suppliers. In 

the absence of data to the contrary, it has been assumed for the purposes of 

this report that the existing treatment facility is capable of meeting the 

requirements of the NPDES permit requirements under the design criteria of 

90 pounds per day of phenols destroyed at an inflow phenolic concentration 

of 3 mg/1. Oxidation by chlorine dioxide and other potential treatment 

methods are discussed in Appendix F. 

Discharge of effluent from the gradient control wells to the existing 

storm water conveyance and treatment system would provide treatment by bio­

degradation in the south pond and chemical oxidation at the treatment 

facility. Since the chemical feed apparatus is designed to oxidize 3 mg/1 

of phenols to an effluent phenolic concentration of 0.01 mg/1 at a 2,500 

gpm pumping rate, it could be assumed that the design is sufficient to 

oxidize phenols and other organic compounds for most, if not all, of the 

ground water gradient control period. However, the data indicate that 

organic concentrations may be quite different in the ground water than in 

the surface water. For this reason the oxidation requirements may be 

different for the destruction of organics in the effluent from the gradient 

control wells than from the assumed quality of surface runoff used to design 

the existing treatment facilities. 

There are several modifications to the system that may be necessary to 

provide the necessary additional treatment. The necessity of additional 

treatment will depend on the results of the recommended bench scale and pilot 

scale tests using water generated by the gradient control wells. Various 

disposal alternatives are shown on Figure 25. 

One modification would be to use the south pond or a new pond to bio­

chemically oxidize the effluent from the gradient control wells. For example, 
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if the controls on the lift station pumps are adjusted to keep the south 

pond between Elevation 885.3 and 886.3, the mean hydraulic residence time 

for a continuous 45 gpm inflow would be approximately 150 days. If the 

average ultimate BOD of the inflow from the gradient control system is 

less than 1,600 mg/1, as seems likely, the organic loading to the south 

pond would be less than 200 pounds per acre per day. These hydraulic and 

organic loading rates are within the standard oxidation pond design 

criteria (McGauhey, 1968), and, therefore, a reasonable degree of treatment 

could be expected with the use of the south pond. Difficulties with this 

concept are the uncertain treatability of the coal-tar derivatives, the 

complicating effect of storm water discharges to the pond and the need to 

keep the pond aerobic. 

Results of various studies (Stearns et al., 1977) indicate that success­

ful biodegradation of coal-tar derivatives will require aerobic decomposition. 

During ice-free periods, oxygenation of the south pond by atmospheric trans­

fer should be sufficient to meet demand, especially during windy periods. 

Since the south· pond has a depth·of about 8 feet under normal conditions, 

thermal stratification is unlikely and the pond should be well mixed during 

ice-free periods. However, the potential for hydrocarbon sludge separation 

over the long-term and oxidation inhibition due to winter ice cover would 

seem to make the use of a simple compressed air mixing system advisable, at 

least during the period of elevated organic concentrations in the inflow 

from the gradient control wells. Such a pond aeration system should cost 

on the order of $120.000--including installation, engineering and contingencies-­

if the lift station is used to house the compressor and controls. Operation 

and maintenance costs would probably be on the order of $12,000 a year, pri­
~ 

marily because of the power costs for the blowers. In adlcrrtion, there would 

be annual costs. for chemical feed equipment and chemicals which could not be 

estimated for this study due to the lack of data on chemical feed rates. 

A possible modification to the existing lift station would be to 

add a new lift station pump with a capacity of something less than 2,500 gpm. 

This would provide a higher ratio of oxidants to organics and increase the 

reaction time during which oxidation can take place. This would be necessary 

if pilot scale studies show that insufficient oxidation of effluent 
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from the gradient control wells occurs to meet effluent standards using 

the existing 2,500 gpm capacity pump. For example, a 500 gpm capacity 

pump could be provided. Under this system, the oxidant to organics ratio 

and the reaction time would be increased by a factor of 5 over that provided 

by the 2,500 gpm capacity pump. 

•, 

In general, _use of the existing storm water pending area for the dis­

posal of effluent from the gradient control system has several disadvantages. 

First, mixing between surface water runoff and ground water will likely 

result in widelY varying·concentrations of phenolics and other organics 

depending on the surface runoff volume and hydrosraph shape. As a result, 

chemical feed rates will need frequent adjustment unless the pond effluent 

was simply over-chlorinated by a significant margin. Use of the storm water 

pond as an oxidation pond for gradient control effluent would also result in 

the accumulation of solids and could cause odor problems due to volatiliza­

tion of the coal-tar wastes and/or anaerobic growth if sufficient aeration 

is not provided. An advantage of using the existing pond without modifica­

tion would be a reduction in capital cost compared to building a separate 

pond. 

As an alternative to the discharge of gradient control effluent to the 

storm water pond, the effluent could be pumped directl mical 

ox~ ation facility and discharged to Minnehaha Creek. This could include 

the construction of a new chemical treatment facility to oxidize the effluent 

from the gradi!nt control wells or could include expansion of the existing 

chemical feed equipment to chlorinate both well effluent and storm water 

runoff through separate contact chambers. With this latter alternative, it 

would likely be best to provide a separate package lift station and pumps 

to discharge effluent from the gradient control wells. The storm water and 

gradient control effluent lift stations could be served by the same chemical 

generation and feed equipment. Controls could be installed to shut down the 

gradient control wells and shift the chemical feed to the treatment of storm 

water runoff during periods when the lift station must be used to discharge 

storm water. The capital cost of providing the necessary piping and gEmP 

capacity with this alternative would be on ·the order of $70,000. Operating 
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and maintenance cost would be on the order of $2,000 per year, plus ex­

penses associated with chemical feed equipment and chemicals which could not 

be estimated. 

Use of separate treatment systems for surface water and ground water 

has the advantage of keeping gradient control effluent out of the storm 

water ponding area and would provide a basis for more constant chemical feed 

rates. However, separate systems would require the construction of a force 

main between the wells and the treatment facility instead of just between 

the wells and the storm sewer system. The general locations of the various 

alternatives discussed in this section are shown on Figure 25. The monitor­

ing of effluent discharged to Minnehaha Creek will be a significant cost. 

Based on a biweekly sampling of effluent and analysis for the parameters 

the existing NPDES permit, the monitoring cost is estimated to be on t 

of $ ,000 per year. 

Combinations of Sanitary Sewer and Surface Water Disposal 

As alternatives to complete disposal of the gradient control effluent 

to the sanitary sewer or to Minnehaha Creek after treatment, a number of 

possible combinations of these two routes could be used to dispose of 

gradient control effluent. Combinations could take the form of either: 

1. discharging all gradient control effluent to the sanitary 

sewer system during a selected period, such as initially, 

until sufficient data is collected to assess the actual 

concentrations and treatability of organics in the efflu­

ent, or during years of peak concentrations of organics 

in the. effluent; 

2. disposal of the effluent from gradient control Well A to 

the sanitary sewer system with disposal of effluent from 

Wells B and C to Minnehaha Creek after treatment. 
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The major advantage of connecting the gradient control system to both 

discharge routes is the flexibility that will be provided. Considering the 

uncertainties in the predicted quality of the gradient control effluent, 

initial discharge of all ground water to the sewer would enable additional 

data to be collected. Data collected during the initial period could be used 

to better define waste treatability and to better define specific problems 

that are likely to arise in using the available storm water treatment system. 

The initial period could also be used for bench scale and pilot scale testing 

to determine proper chemical feed rates and residence times for oxidation 

with chlorine dioxide or other chemicals . 

The capital and operating costs of a system that combines the two 

disposal routes will, of course, depend on the actual combination that is 

selected. It is possible, for example, that diversion of the most contam­

inated effluent to the sanitary sewer would be needed for only a short period, 

thus avoiding the MWCC Service Availability Charge, and that remaining 

effluent could be treated in the existing system. In that case, the cost of 

disposing the effluent from the gradient control wells would be much less 

than given previously. The cost estimates indicate that outlays on the order 

of $100,000 for capital cost and $10,000 per year for operation and mainten­

ance (excluding chemical feed equipment and chemi represent an approxi­

mate upper limit for disposal . 

Additional Data Needed to Design Gradient Control System 

The data available for this report were sufficient to evaluate the 

technical feasibility of the gradient control concept; however, before the 

ground water gradient control system can be designed, it will be necessary to 

collect additional data regarding ground water movement and quality in the 

glacial drift. The locations of the suggested wells and piezometers are shown 

on Figure 34 . 

Additional soil borings and ground water piezometer nests are necessary 

east of the site to define the effect of piezometric levels in this area on 

the movement of ground water through the middle drift. Specifically, it is 

recommended that soil borings and piezometers be placed near the intersection 
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of Louisiana Avenue and Jersey Avenue, near the intersection of Republic 

Avenue and First Street N.W. and near the intersection of Brownlow Avenue 

and Lake Street. The soil borings should be placed to bedrock. Soil samples 

from the borings should be visually classified to define the stratigraphy, 

especially of the middle drift aquifer. Grain size distributions should be 

determined for soil samples in the middle drift aquifer to define the perme­

ability of this aquifer. Two pi~zometers should be placed in each soil 

boring, one in the middle drift aquifer and one in the lower drift near the 

bedrock contact. Ground water levels in all piezometers should be measured 

and the data used to refine the interpretations of ground water movement 

through the middle drift aquifer presented in Section IV. 

A piezometer should be placed in the peat soils above the first till 

layer in the vicinity of Well 13. The purpose of this piezometer is to 

obtain information on water level fluctuations in the upper drift to better 

estimate water level changes in this unit as a function of precipitation. 

Additional monitoring wells will also be necessary to better define 

glacial drift ground water movement and quality prior to design of the 

gradient control system. Specifically, wells in the middle drift aquifer 

and in the lower drift are recommended near the intersection of South Street 

and Louisiana Avenue, near the intersection of Oxford Street and Edgewood 

Avenue, along Oxford Street between Well 10 and Edgewood Avenue and along 

Lake Street between Wells 8 and 9. Samples should be collected from these 

wells and analyzed for phenolics and polynuclear aromatic hydrocarbons. 

These data should enable a more precise location of the phenolic concentra­

tion contours presented in Section IV. A better definition of the phenolic 

contours is necessary to define the most effective locations for gradient 

·control wells B. and C. In addition, ground water monitoring wells in the 

middle drift aquifer and lower drift near the intersection of Republic Avenue 

and Second Street would be desirable to better deflne the quality of ground 

water in these two units in this area. These data are needed to define the 

northeastern limits of the phenolic concentrations. If phenolic concentra­

tions in excess of 10 micrograms/liter are identified in either of these wells, 

additional wells to the northeast will be necessary. 
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In addition, wells in the middle drift aquifer and in the lower drift 

should be placed along Colorado Avenue and along West 36th Street between the 

present limits of the study area and the buried bedrock valley. These wells 

are not shown on Figure 34. If these wells show phenolic. concentrations in 

excess of 10 micrograms/liter, additional wells should be placed in the 

The -obJective of this program is to better define the eastward limit of the -
appropriate glacial drift units closer to the buried bedrock valley. 

10 microgram/liter phenolic concentration contour. 

After the effect of the area east of the site on ground water flow in 

the middle drift aquifer has been defined and after the phenolic concentra­

tion contours have been more accurately located, the best locations for the 

gradient control wells can be estimated. One or more test wells and, if 

existing wells cannot be used, monitoring wells should then be installed 

and the test wells pumped to verify middle drift aquifer characteristics. 

Based on the test pumping data, the gradient control wells can be designed 

and located. 

If disposal of effluent from the gradient control wells is to be by 

discharge, at least initially, through the sanitary sewer system, the only 

waste treatability data that will likely be needed will be that needed by 

the MWCC to assess strength charges. If, however, disposal is through either 

the existing surface water treatment facility or a new treatment facility, 

significant additional treatability data will be required prior to treatment 

facility design. In some respects, however, design of the treatment facility 

for effluent from the gradient control wells should be easier than the 

design of the surface runoff treatment facility since samples of the ground 

water are available for bench scale treatability testing, whereas the 

characteristics and, therefore, the treatability of surface runoff had to 

be estimated • 

The available data indicate that concentrations and ratios between 

concentrations of the various organics in the waste are variable. This is 

likely to continue during gradient control, since the various organic 

compounds will desorb from drift materials at different rates, since solu­

bilities vary among the organic compounds and since uncertainties in the 
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hydrogeologic analyses will affect any estimate of removal rates. Consider­

ing this variability, it will likely not be possible to generate data that 

will accurately describe the treatability of the ground water over the life 

of the project and flexibility to meet changing quality must be built into 

the system. 

During operation, the effectiveness of the gradient control system 

should be monitored. Monitoring of the effectiveness of the wells should be 

carried out by measuring changes in gradients within the controlled area 

and by measuring the changes in water quality downstream in the middle drift 

aquifer and in the Platteville. 

EXCAVATION OF CONTAMINATED SOIL 

The purpose of this subsection is to summarize the volumes of soil that 

Would have to be removed from the contaminated areas to remove various con­

centrations of benzene extractable and phenolic materials in the soils. 

Excavation is not intended to be ·an alternative to gradient control since 

ground water high in phenolics and other organic materials has moved out of 

the area of contaminated soil. However, excavation of soil from areas high 

, in phenolics or benzene extractable material may tend to decrease_ he 

necessary to control the ground water 

of the site. The amount o ecrease, however, is not predictable. 

The assumptions made in constructing the removal depth contours and 

in computing the soil volumes were as follows: 

1. Data used to develop the contours were derived completely 

from cross-sections in the Phase I Report. 

2. Side slopes of the excavation were assumed to be 2 feet 

horizontal to 1 foot vertical. The assumption was used 

where contours in the Phase I Report did not extend to 

the surface and in the deeper areas of the excavation. 

The side slope assumption, however, makes very little dif­

ference due to the accuracy of the data and due to the fact 
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that the concentration gradients themselves are greater 

than ·2: 1. 

3. Buildings were ignored in computing excavation volumes. 

The resulting contour maps were used to develop order of magnitude estimates 

of the volume of .material that would be removed. No attempt has been made 

to put a cost on the excavation. 

The approximate volumes of soil that would have to be removed to remove 

soils with phenolic concentrations between 1 mg/kg and 100 mg/kg are shown 

on Figure 27. The removal depth contours for removing soil with phenolic 

concentrations greater than 1 mg/kg, 10 mg/kg and 100 mg/kg are shown on 

Figures 28 thfough 30. As shown in Figure 30, the excavation of soils con­

taining phenolic concentrations greater than 100 mg/kg is concentrated in a 

rather narrow area between Walker Street and Lake· Street south of the site. 

The removal of soils with phenolic concentrations greater than 10 mg/kg is 

concentrated in the same area between Walker Street and Lake Street with a 

small excavation area needed around Boring 4 in the area of the old API 

separator. The excavation to remove soil with phenolic concentrations greater 

than 1 mg/kg will reach a depth of over 60 feet between Walker Street and 

Highway 7 with a 20-foot depth removrl contour extending up 

portion of the site. ~. 1\ct.uR._._cy)~ 
into the southern 

The approximate volumes of soil that must be excavated to remove soil 

with benzene extractable concentrations between 1,000 mg/kg and 100,000 mg/kg 

are also shown on Figure 27. The excavation contours for removing soil 

with concentrations of l,OOO·mg/kg, 10,000 mg/kg and 100,000 mg/kg are shown 

on Figures 31 through 33. As with the excavation contours for removing soil 

with phenolics, the excavation area to remove soil with the highest concen­

trations of benzene extractable material is concentrated in the area between 

Walker Street and Lake Street, south of the site. Excavation limits to remove 

soils with benzene extractable concentrations greater than 10,000 mg/kg, 

however, do extend into the southern part of the site and excavation contours 

to remove soil with benzene extractable in excess of l,OOO·mg/kg encompass 

practically the entire site. Maximum depth of excavation to remove 1,000 

mg/kg of benzene extractable material is 30 feet . 
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ABANDONMENT OF UNCASED WELLS 

The preceding analyses have shown that the most likely reason for 

detectable phenolic concentrations in the St. Peter, Prairie du Chien-Jordan 

and Mt. Simon-Hinckley aquifers are uncased wells that provide flow paths 

between the glacial drift/Platteville and these underlying bedrock aquifers. 

an important corrective measure that should be implemented immediately 

is to locate and plug all wells that have the potential of providing flow 

paths between the drift/Platteville system or the St. Peter aquifer a~e 

underlying bedrock aquifers. This general recommendation was made by Sunde 

(1974) and is made again in this report. -
The problem will be to find all the wells that provide a flow path from 

the upper to the lower aquifers. It is likely that studies carried out to 

date have identified all wells for which logs are publicly available. A 

great deal of effort will be involved in locating wells for which no logs 

are publicly available. Studies carried out for this report indicate there 

likely are wells in the study area that are no longer used but are 

unrecorded. It is likely that many of these wells are very old and, there­

fore, probably only cased to the first bedrock contact. Tbe highest priority 

should be given to locating all wells in the area extending from Texas Avenue 

on the west to Mippehaha Creek and Excelsior Boulevard on the south to 

Highway 100 on the east to Minnetonka Boulevard on the north. Water well -
contractors who have worked in the area should be contacted. Experience 

has shown that well contractors have knowledge of well locations for which 

there is no public information. All leads obtained from well contractors 

should be followed up by talking to property owners or current residents of 

the property. Present property owners in the high priority ipyestigatjop 

area should be contacted and inquiries made regarding the existence of wells 

on their property. 

Information from well contractors and property owners should be vigor­

ously followed up to locate existing wells. This may, in some instances, 

require the removal of floors or the excavation of soil. Wells in the high 

priority area of inyestigation that are located should be abandgped accgrdin£ 

-- -to the Minnesota Water Well Construction Code if they are not being used 
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or if there is a chance they could provide a flow path between either the 

drift/Platteville and the lower bedrock aquifers or between the St. Peter 

and the lower bedrock aquifers. 

ADDITIONAL TREATMENT OF MUNICIPAL WATER SUPPLIES 

In 1973 1974 and again during testing for this study. very low, bnt 

detectable concentrations of phepglic§ have been measured in water samples 

from St. Louis Park municipal wells. Information generated in this study 

seems adequate to explain· measured concentrations in City Mt. Simon-Hinckley 

wells, but inadequate to attribute phenolics in the St. Peter or Prairie du 

Chien-Jordan wells to coal-tar wastes from the former coal-tar distillation 

and wood preserving facility. In any event, the phenolic concentrations in 

the City wells .,should be monitored on a quarterly basis. If phenolic tastes 

or odors become a problem or if other problems with the trace organics are 

identified, a mitigative measure could be treatment of the water supply by 

activated carbon adsorption. The purpose of this subsection is to examine 

the use of activated carbon treatment in a very preliminary manner. 

It appears that carbon adsorption could be implemented by modifying the 

City's existing water filtration system. About 18 inches of the existing 

sand filtration media could be replaced by granulated activated carbon . 

Thereafter, the carbon would have to be replaced periodically as the adsorp­

tion capacity of the media was exhausted. The exact cost would depend on 

the .number of filtration units so treated. The existing capacity includes 

about 6,000 square feet of filters, and modification of the entire capacity 

would cost about $180,000 for activated carbon alone (Netz, per. com.). 

The additional costs of removal and disposal of the existing media are very 

difficult to estimate since hand labor would be required almost exclusively. 

After modification, periodic replacement of activated carbon would be mechan­

ically implemented by carbon suppliers using vacuum trucks. Frequency of 

replacement would depend on flow rate and on the concentrations of organics 

and other absorbates in the water. According to information in the literature 

(CH2M/HILL, 1973; Patterson, 1975), removal of phenols at initial concentra­

tions of 20 ~g/1 could take from 17 to 870 cubic feet of fresh activated 

carbon per million gallons. At $20 per cubic foot, this amounts of $0.34 to 
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$17 per thousand gallons. Thus, in comparison to the control of gradients 

in the glacial drift aquifer, treatment of municipal water supplies could 

be extremely expensive. This suggests that it will be much easier and more 

cost-effective to remove the identified coal-tar wastes at the ~esent time, 
e 
than to continue to allow them to migrate away from the coptamina~ea· 

laterally through the middle drift aquifer and Platteville limestone. 

' 
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SECTION VII 

CONCLUSIONS AND RECOMMENDATIONS 

Based on the analyses carried out in this study, the following conclu­

sions are made: 

1. Analytically detectable quantities of coal~tar derivatives 

were present in approximately 90 percent of the soil 

samples collected and analyzed during this study. Coal­

tar derivatives are present in much greater concentrations 

throughout the soil column on the southern portion of the 

coal-tar distillation and wood-preserving site and south 

of the site than on the northern one-half of the site. 

For example, benzene extractable concentrations greater 

than 1,000 mg/kg are present at a depth of 50 feet south 

of the site, whereas they are typically present at con­

centrations between 100 mg/kg and 200 mg/kg below the 

surface soils on the northern portion of the site. 

Chrysene, benz(a)pyrene, benz(c)phenanthrene and a number 

of other unidentified polynuclear aromatic hydrocarbons 

are present in the visible coal-tar wastes found near the 

surface throughout the study area and at depth south of 

the site. No attempt was made in this study to define 

the public health risks associated with these materials 

in the soil. 

2. Ground water in the glacial drift south and southeast of 

the site is moving laterally through the outwash material 

and vertically into the Platteville limestone. Vertical 

flow to the Platteville in the area southeast of the 

site is equal to or greater than lateral flow through the 

outwash. Ground water movement through the Platteville is 

lateral, most likely toward the buried bedrock valley 

southeast of the site . 
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3. Ground water in the glacial drift south and southeast of 

the coal-tar distillation and wood-preserving site is 

contaminated with coal-tar derivatives. From its point 

of deposit by surface flows, the movement of the waste 

has been lateral with ground water flow and vertical due 

to its higher specific gravity and due to the vertical 

ground water movement. The wastes contain measurable 

phenolics and polynuclear aromatic hydrocarbons such as 

pyrine. Polynuclear aromatic hydrocarbon concentrations 

of 3,400 mg/1 and phenolic concentrations .of 50 mg/1 have 

been detected at a depth of 50' below the ground surface 

in the area between Lake Street and Highway 7. These 

wastes have traveled at least 1,000' to the southeast 

and to the glacial drift/bedrock contact where polynuclear 

aromatic hydrocarbon concentrations of 1.7 mg/1 and phe­

nolic concentrations of .3 mg/1 have been measured. Thus, 

it can be concluded that phenolics and polynuclear aroma­

tic hydrocarbons are contained in ground water reaching 

the.Platteville limestone over at least a portion of the 

area southeast of the site. No attempt has been made in 

this study to define the public health risks associated 

with these materials in the ground water. 

4. Phenolic concentration contours in the glacial drift 

south and southeast of the site are likely moving south­

eastward at rates between 30 and 150 feet per year. 

Ground water quality in the glacial drift aquifer is not at 

a steady-state condition and the concentration of coal-

tar derivatives will continue to increase away from the 

area of concentrated coal-tar waste. Reasonable estimates 

of flow through the Platteville limestone indicate that 

water in the Platteville takes on the order of 20 to 50 

years to reach the buried bedrock valley from the area 

southeast of the site although flow times could be much 

less. The quality of water moving through the Platteville 

is also not at a steady-state condition and the concentra­

tions of coal-tar derivatives will likely continue to 

increase. 
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5. The buried bedrock valley southeast of the site is a 

recharge area to the St. Peter sandstone. Ground water 

reaching the buried valley either through the glacial 

drift or the Platteville can enter the St. Peter sand­

stone. From the buried valley, movement will likely be 

eastward out of the study area. The potential effect of 

this movement was not determined. 

6 •. A number of wells in the area are uncased through two or 

more bedrock aquifers and thus provide potential pathways 

for ground water to move between the upper more contami­

nated aquifers such as the glacial drift and Platteville 

and the lower aquifers . 

7. Data collected for this study supports earlier data that 

indicate very low, but detectable concentrations of pheno­

lic compounds in bedrock wells beneath the site and at a 

municipal well field located north of the site. The very 

low concentrations of phenolics in the St. Peter sand­

stone measured south and southeast of the site can be 

attributed to leakage through the Glenwood or to leakage 

through uncased wells. The trace phenolic concentrations 
' 

measured in the Mt. Simon-Hinckley wells on the site and 

at the City's well field are attributed to movement of 

coal-tar derivatives from a Mt. Simon-Hinckley well on 

the site to the municipal well field. The available 

information, however, is not sufficient to explain the 

reason for the measured phenolic concentrations in the 

municipal St. Peter and Prairie du Chien-Jordan wells at 

the municipal field north of the site or at other munici­

pal well fields in the area. In the case of the St. Peter 

wells, the gradients are sufficient to transmit seepage 

from uncased wells to the municipal well field; however, 

the time since construction of the uncased wells is too 

short for these wells to be the source of phenolics in 

the municipal wells. In the case of the Prairie du Chien­

Jordan wells, the computed gradients indicate that ground 
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water cannot be transmitted from the site to the munici­

pal well field north of the site. 

8. Since the quality of the water in the glacial drift and 

Platteville is not at a steady-state condition, the 

quality of water in the St. 'Peter aquifer, which is 

influenced by seepage from the glacial drift/Platteville, 

is also not at steady-state. Due to its greater distance 

from the area of waste concentration in the glacial drift, 

the quality. of the water in the St. Peter will change 

more gradually than the quality of water in the drift or 

Platteville. Since the ouality in the Prairie du Chien­

Jordan cannot be explained by the available data, no 

comments can be made about future changes in the quality 

of water in this aquifer. The quality of the water in 

the City's Mt. Simon-Hinckley wells is likely controlled 

by recharge through uncased Mt. Simon-Hinckley wells. 

Since future ground water quality around these uncased 

wells should not change significantly, it can be con­

cluded that quality of the Mt. Simon-Hinckley aquifer 

has, for practical purposes, reached a steady-state con­

dition. Thus, very little change in the quality of this 

aquifer is anticipated due to the wastes discharged from 

the former coal-tar distillation and wood-preserving 

facility. 

9. The coal-tar derivatives in the glacial drift ground 

water system represent a potential threat to the under­

lying ground water aquifers due to the uncased wells, ·due 

to flow to the buried bedrock valley, due to seepage 

through the Glenwood and due to the fact that existing 

industrial wells that acted as barriers to waste movement 

down~gradient of the contaminated ground water are being 

abandoned, thereby increasing the potential for the spread 

of the identified wastes. 
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10. The control of ground water movement in the glacial drift 

to prevent the spread of the coal-tar derivatives is 

technically feasible using a system of pump-out wells in 

the glacial drift to control ground water gradients. 

The system investigated in this study assumed one well 

placed in the area of severest contamination in the wet­

land area north of Lake Street and south of Highway 7 and 

two wells located to the east and southeast. The western 

gradient control well will remove the severest contamina­

tion that is likely the source of most coal-tar deriva­

tives detected in this study. The eastern two wells will 

remove material that has escaped from this source and is 

traveling either through the drift or Platteville. Peak 

phenolic concentrations in the discharge from the well 

system are predicted to be on the order of 1 to 3 milli­

grams per liter and peak polynuclear aromatic hydrocarbon 

concentrations are predicted to be on .the order of 100 

milligrams per liter. Concentrations of phenolics from 

the ·system are predicted to be less than .1 milligrams 

per liter after about 15 to 20 years of pumping while on 

the order of 50 to 100 years will likely be necessary to 

reduce phenolic concentrations below .01 mill~rams per 

liter. The effect of desorption from soil particles 

could not be quantified, but will likely increase the 

pumping needed to reach these concentrations . 

11. The sanitary sewer and the existing surface water treat­

ment and disposal system were evaluated as disposal 

routes for the effluent from the gradient control wells. 

The most logical route for the effluent during times that 

high phenolic concentrations are produced will be the 

sanitary sewer. Sanitary sewer disposal is estimated to 

cost on the order of $10,000 to $15,000 per year. A 

service availability charge of approximately $100,000, 

however, could be assessed by the Metropolitan Waste 

Control Commission if the discharge is judged to be 
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permanent. The second disposal route is the existing 

treatment facility that is in place to treat storm water 

runoff from the site prior to discharge to Minnehaha Creek. 

In concept, the existing treatment system could provide 

the required treatment. Bench scale and pilot scale 

studies will be needed to determine if modifications to 

the existing facility will be necessary to treat the 

effluent. Combinations of these two disposal routes are 

possible, such as disposal of effluent from the western. 

gradient control well to the sanitary sewer system and 

disposal of effluent from the eastern wells to the exist­

ing surface water treatment facility. 

12. The volumes of soil that must be excavated to remove 

various concentrations of phenolics and benzene extract­

able material in the soils were evaluated. On the order 

of 700,000 cubic yards of soil must be excavated to 

remove all soil with phenolic concentrations greater than 

1 mg/kg. On the order of 400,000 cubic yards of soil must 

be excavated to remove soils with benzene extractable con­

centrations greater than 1,000 mg/kg. Excavation of con­

taminated soil is not an alternative to gradient control. 

Excavation of the most contaminated soils will, however, 

reduce the time required to control gradients in the area. 

The amount of time reduction, however, is not quantifiable. 

RECOMMENDATIONS 

Based on the analyses carried out for this study and on the preceding 

conclusions, the following recommendations are made: 

l. All bedrock wells constructed so as to provide pathways 

for ground water to move between the drift/Platteville 

and St. Peter and between the St. Peter or Prairie du 

Chien-Jordan and Mt. Simon-Hinckley aquifers should be 

grouted and abandoned. Highest priority should be given 
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to locating and abandoning·wells in the area bounded by 

Texas Avenue on the west, Minnetonka Boulevard on the 

north, Highway 100 on the east and Minnehaha Creek and 

Excelsior Boulevard on the south. Wells in this area 

should be located and abandoned immediately. The investi­

gations summarized in this report indicate that these 

wells present potential pathways for the movement of 

coal-tar derivatives to the lower aquifers and, in fact, 

.represent the only reasonable means by which ground water 

in the Prairie du Chien-Jordan and in the .Mt. Simon­

Hinckley formation could be contaminated with waste from 

the site of the former coal-tar distillation and.wood­

preserving facility . 

2. Since the abandonment of uncased wells near the site will 

likely result in the movement of recharge from the buried 

valley to the St. Louis Park municipal well field to the 

north, St. Louis Park wells 1, 2 and 3 should also be 

abandoned. 

3. The potential impact of the identified high concentrations 

of coal-tar derivatives in the glacial drift ground water 

are significant enough that mitigative measures are recom­

mended to halt the movement of these wastes. 

4. The control of ground water gradients in the glacial 

drift ground water system is technically feasible and the 

system presented in this report or a similar system should 

be implemented. It is recommended that design of the 

gradient control wells begin immediately. The first 

step in the design will be to place the additional wells 

and borings needed to define the exact location of gradi­

ent control wells. The next step will be to place one or 

more test wells to verify the aquifer characteristics 

needed to complete the design. The third step will be to 

complete the design and construct the wells. 
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5. Water pumped from the gradient control wells should be 

discharged to the sanitary sewer, at least initially. 

After the more highly contaminated ground water has been 

removed from the glacial drift or after treatability of 

the waste has been better defined, it may be possible to 

discharge the effluent from the wells to Minnehaha Creek 

after appropriate treatment. 

6. .Bench scale and pilot scale studies should be conducted. 

to define the treatability of the ground water using 

either the existing surface water treatment facility or 

a new treatment concept. 

7. The effectiveness of the gradient control system should 

be monitored both in terms of the ability of the wells to 

capture coal-tar derivatives through the glacial drift 

and Platteville limestone and, if the .effluent is dis­

charged to Minnehaha Creek, the ability of the treatment 

facility to meet effluent limitations_prior to discharge. 

8. Two additional wells should be placed in the St. Peter 

formation beneath the area of elevated coal-tar deriva­

tive at the drift/Platteville contact to monitor the 

quality of water in the St. Peter. If the average con­

centration of the phenolics, as measured by the MBTH 

Method, exceeds a concentration on the order of 20 micro­

grams per liter, significant change will have occurred 

and gradient control or some other appropriate mitigative 

measure should be required to control movement of the 

wastes in :the St. Peter. 

9. Further information is needed regarding the effect of the 

trace phenolic concentrations measured in the municipal 

wells in St. Louis Park. It is recommended that studies 

be carried out to define the potential public health 

effect of these trace phenolics. 
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10. A better definition of hydrogeology is needed in the 

buried bedrock valley located near Highway 100 and 

Excelsior Boulevard. Specifically, soil borings and 

piezometers should be placed in the valley to define its 

extent and to estimate gradients and likely vertical 

flow rates. In addition, monitoring wells should be 

placed near the western edge of the valley to define the 

quality of water discharged to the valley from the site 

area through the glacial drift, Platteville and St. Peter 

units. A monitoring well should also be placed in the 
• 

St. Peter north of the valley to monitor the quality of . ~ 
-the water in the aquifer between the valley and the City 

well field to the north . 
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